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Introduction 


!•    Purpose  of  Investigation.     The  acid  resisting  proper- 


ties of  the  alloy  developed  by  Professor  Parr  *  seem  to  justify  a 

*  S.  W.  Parr.  Orig.  Com.  8th  Inter.  Congr.  Appl.  Chem.. 
2,   fl912)  p.  209. 

detailed  and  systematic  study  of  the  alloys  of  the  more  important 
constituents,  viz.  chromium,  copper  and  nickel.      Also  in  order  to 
study  the  very  complex  alloy,  it  seems  advisable  to  begin  with  the 
alloys  containing  only  two  metals,  then  to  proceed  to  those  of 
three  metals  and  finally  to  extend  the  investigation  to  those  con- 
taining four  or  more  metals.      In  the  present  work  it  is  intended 
to  study  first  the  binary  alloys  of  copper-nickel,  copper-chromium 
and  chromium-nickel,  and  then  the  ternary  alloys  of  chromium- copper- 
nickel. 

2»    Historical  Review.     In  this  review  it  is  intended  to 
give  only  the  more  important  results  of  previous  investigations 
and  references  to  the  original  publications. 

Copper-IIickel  Alloys:-  Christofle  and  Bouilhet  *  prepared 


and  85  per  cent  of  copper  and  15  per  cent  of  nicjkel  and  observed 
some  of  their  properties. 

In  1896  H.  Gautier  *  made  a  more  extensive  study  of  these 


.  Chem.,  XSVI.,  (1876)  p.  419. 
9. 


alloys  containing  50  per  cent  of  copper  and  50  per  cent  of  nickel. 


*  H.  Gautier.  Compt.  rend.  CZXIII. ,   fl896}  p.  172 


2. 

alloys.    He  determinod  their  freezing-points  and  concluded  that 
they  formed  a  definite  chemical  compound  having  the  formula  CuIIi 
which  melted  at  1340°G.     The  original  paper  was  presented  by 
H.  Moissan. 

Eeycock  and  IJeville  *  in  their  work  on  the  "Complete 

*  Heycock  and  Seville.    Philos.  Trans.,  189A  (1897)  p.  25. 

J'reezing-point  Curves  of  Binary  Alloys  containing  Silver  or  Copper 
together  with  Another  Metal"  tried  the  effect  of  the  addition  of 
small  amounts  of  nickel  upon  the  freezing-point  of  copper  and 
fdund  that  the  freezing-point  was  raised  from  1080  to  lllO^C.  by 
the  addition  of  4.5  per  cent  of  nickel. 

Kurnakoff  and  Schemtschny  *  prepared  alloys  from  electro- 

*  Kurnakoff  and  Schemtschny.    Z.  anorg.  Chem. .54, (1907 )  p.  149. 

lytic  copper  and  nickel,  determined  their  freezing-points,  plotted 
the  freezing-point  curve,  studied  the  structure  of  the  different 
specimens  and  pointed  out  certain  similarities  to  the  alloys  of 
iron-copper,  cobalt-copper,  and  copper-nickel.     They  took  1484^0. 
as  the  melting  point  of  nickel  which  is  now  known  to  be  too  high. 

Guertler  and  Tammann  *  in  their  investigation  of  the 

*  Guertler  and  Tammann.     Z.  anorg.  Ghem. ,  52,  (1907)  p. 25. 

alloys  of  copper  and  nickel  showed  that  there  was  no  break  in 
either  the  liquidus  or  solidus  curves.     This  showed  that  these 
alloys  do  not  form  a  definite  chemical  compound  as  had  been  claim- 
ed by  H.  Gautier.     They  also  made  both  magnetic  and  microscopic 
examinations  and  showed  the  effect  of  heat  on  the  magnetic  proper- 


3. 

ties  as  well  as  the  effect  of  the  rate  of  cooling  on  the  grain 
and  crystal  size. 

The  following  year  (1908)  Victor  E.  Tafel  *  published 

*  Victor  E.  Tafel.     tietallurgie ,  5,   fl908)  p.  348. 

the  results  of  his  studies  of  the  constitution  of  the  binary 
system  copper-nickel.    His  work  seems  to  be  the  best  that  has  been 
published  and  for  convenience  his  results  are  shown  diagrammatic  - 
ally  in  F±g»  1.    He  obtained  hi^er  values  for  both  the  liquidus 
and  the  solidus  curves  than  did  Guertler  and  Tammann,  but  that  may 
be  attributed  to  the  fact  that  they  used  nickel  which  contained  a 
considerable  amount  of  impurities  Pe,  1.86^^  Co.)  which 

would  lower  the  freezing-points. 

E.  Vigouroux  *,  using  pure  metals,  especially  free  from 

*  E.  Vigouroux.     Compt.  rend.  159,   (1909)  p.  1378. 

cobalt,  prepared  a  series  of  copper-nickel  alloys,  but  he  was  un- 
able to  detect  any  indication  of  definite  chemical  compounds  by 
chemical  investigation  or  by  a  study  of  the  electromotive  forces 
in  the  cells  lli--|,  niS04— CulJi  alloy  and  Cu— I,  l?iS04— Culli  alloy. 
His  remits  by  this  method  agree  with  those  obtained  by  the  cool- 
ing-curve method. 

David  H.  Browne  *  secured  U.S.  patent  934,278  (Sept.  14, 

*  David  H.  Browne.     C.A.,  4,   (1910)  p.  41. 

1910)  for  the  manufacture  of  nickel  and  copper-nickel  alloys  by 
electrically  fusing  compounds  of  the  metals  as  sulphide  matte  with 
lime  (CaO)  forming  calcium  sulfide  (CaS)  sulfur  dioxide  (S02)  and 


an  alloy  of  the  metals. 

Chromium-Copper  Alloys:-    H.  Moissan  *  prepared  an  alloy 


*  H.  Moissan.     Compt.  rend.,  119  (1894)  p.  185. 
H.  Llolssan.     Compt.  rend.,  122  (1896)  p.  1302. 

of  chromium  and  copper  which  contained  about  0.5  per  cent  of 
chromium.     It  was  more  resistant  to  humid  air  than  was  copper  and 
took  a  beautiful  polish. 

H.  Goldschmidt  *  has.  described  an  alloy  of  chromium  and 

*  H.  Goldschmidt.     Lieb.  Ann,,  301,   (1898)  p.  25. 

copper,  containing  10  per  cent  of  chromium  and  having  the  color  of 
copper  but  harder.     The  Goldschmidt  Thermit  Company,  *  90  V/est 
Street,  IJew  York,  now  offer  for  sale  an  alloy  of  chromium- copper, 

*  Thermit  Carbon-Free  Metals.    Pamphlet  IJo,20,  second  edition  p. 23. 

containing  10  per  cent  of  chromium.     The  alloy  is  made  by  the 
aluminothermic  method.      This  alloy  will  be  discussed  more  fully 
under  the  "Preparation  of  Alloys". 

Hamilton  and  Smith  *  heated  chromium  oxide  and  metallic 

*  Hamilton  and  Smith.     Jour.  Am.  Chem.  Soc . ,  23,   (1901)  p.  151. 

copper  in  a  carbon  crucible  and  in  the  presence  of  carbon,  by 
which  process  they  obtained  an  alloy  of  gray-red  color  and  of  a 
hardness  which  placed  it  next  to  the  alloys  containing  tungsten 
and  molybdenum.     The  alloy  gave  the  analysis;  88.18^2  Cu,  3.22^  Or, 
1.35^  Fe,  2.38^  C,  and  4.13^  gangue.     The  alloy  had  a  specific 
gravity  of  8.3. 


5. 

Binet  de  Jassonnix  *  stated  that  chromium  dissolved  in 


*  Binet  de  Jassonix.     Compt.  rend.,  144,   (1907)  p. 915. 

oopper  to  the  extent  of  about  1.6  per  cent,  but  that  on  cooling 
the  chromium  separated  in  a  very  finely  divided  condition. 

G.  Hindrichs  *  made  a  more  extensive  study  of  the  alloys 

*  G.  Hindrichs.     2.  anorg.  Chem.,  59,   fl908)  p.  414. 

of  chromium  and  copper.      He  decided  that  the  freezing-point  of 
copper  was  lowered  about  8  degrees  by  the  addition  of  about  0.5 
per  cent  of  chromium  and  that  the  maximum  solubility  of  chromium 
in  copper  was  about  0.5  per  cent.    He,  likewise,  found  that  the 
freezing-point  of  chromium  was  lowered  from  1550  to  about  1470*^0. 
by  the  addition  of  about  5.  per  cent  of  copper  and  considered  that 
the  maximum  solubility  of  copper  in  chromium  was  not  over  5.  per 
cent.    Prom  his  researches  it  seems  that  there  are  two  eutectic 
points  in  the  chromium-copper  freezing-point  curve.      His  chromium- 
copper  diagram  has  been  reproduced  in  Pig.  2.    He  pointed  out  some 
of  the  difficulties  in  working  with  chromium  or  chromium-copper 
alloys.     Chromium  remains  viscous  after  melting,  attacks  the  cru- 
cibles, insulating  tubes,  etc.,  and  has  a  strong  tendency  to 
oxidize.    He  was  not  able  to  get  chromium  and  copper  to  separate 
into  two  well  defined  layers. 

From  the  above  it  may  be  seen  that  the  different  in- 
vestigators have  placed  the  solubility  of  chromium  in  copper  at 
0.5,  1.6,  3.22,  and  10  per  cents. 

Chromium-IUckel  Alloys:-    G.  Voss  *  has  investigated  the 
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*  G.  Voas.     Z.  anorg.  Chem. ,  57,   (1908)  p.  34. 

alloys  of  chromium  and  nickel.     His  chromium-nickel  diagram  has 
been  reproduced  in  ^'ig.  3.     At  the  time  he  published  his  paper  he 
stated  that  he  vms  unable  to  find  any  published  literature  on  the 
subject  and  at  the  present  time  he  seems  to  be  the  only  one  who 
has  published  his  researches.    However,  there  have  been  extensive 
researches  in  the  development  of  such  alloys  as  "Kichrome",  but 
these  have  been  conducted  in  comirercial  laboratories  and  the  re- 
sults have  not  been  published.     Voss  showed  that  the  system  con- 
sists of  two  series  of  solid  solutions  wi1h  a  minimum  freezing- 
point  of  about  42  per  cent  of  nickel.     J^rom  a  microscopic  examina- 
tion he  concluded  that  the  point  represented  a  true  eutectic,  al- 
though he  was  not.  able  to  demonstrate  the  presence  of  a  eutectic 
structure  on  either  side  of  this  point.     He  assumed  the  presence 
of  a  solution  gap  (Mischungsltlcke ) .     On  the  ,  other  hand  Guertler  * 

*  Guertler.    Metallographie.  Vol.1.  Part  1  fl912)  p.  209. 

concluded  that  the  structure  represented  a  condition  of  unstable 
equilibrium  which  he  termed  a  psuedoeutectic  produced  by  the  ex- 
treme viscosity  of  the  chromium. 

To  summarize,  the  binary  alloys  belong  to  three  different 
classes:     copper-nickel  representing  those  which  have  continuous 
freezing-point  curves,  chromium-nickel  representing  those  which 
have  two  series  of  solid  solutions  and  a  minimum  freezing-point, 
and  chromium-copper  those  which  have  tvro  eutectic  points.     The  freez 
ing-point  curves  for  copper-nickel  and  for  chromium-nickel  seem  to 
be  pretty  well  established  but  the  exact  location  of  a  large  part 
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of  the  freezing-point  curve  for  chromium- copper  is  unknown. 

Ternary  Alloys :  -    The  ternaiy  alloys  of  chromium- copper- 
nickel  have  not  been  described,  so  far  as  is  knom  to  the  writer, 
"but  four  ternary  systems  which  are  somewhat  closely  related  have 
been  reported:     Copper-nickel-zinc  by  Victor  E.  Tafel,fl);  copper- 
iron-nickel  by  R,  Vogel,f2);  copper-manganese-nicke 1  by  U.  Parra- 
vano,f3);  and  cobalt-copper-nickel  by  Wflhlert,f4). 

(1)  Victor  E.  Tafel,  Metallurgie ,  5,   (1908)  p.  413. 

(2)  R.  Vogel.  S.  anorg.  Chem. ,  67,   (1910)  p.  1. 

(3)  U.  Parravano.  Inter.  Z.  lietallographie ,  4,   (1913)  p.  171. 

(4)  Wfihlort.  Oester.  Z.  Berg.  Htlttenw.  ,  62,   (:i.914)  pp. 341-6,  357- 
61,  374-8,  392-5.  and  406-10.  C.A.,8,   (1914)  p. 3549. 

3.    Plan  of  work.     It  was  originally  intended  that  this 
investigation  should  include  the  fo llowing : 

1.  The  construction  of  an  electric  furnace  which  would  give 
a  temperature  sufficiently  high  to  melt  chromium. 

2.  The  preparation  of  ssanples  of  both  the  binary  and  ternary 
alloys  i«hich  would  represent  all  of  the  possible  combinations  with 
variations  of  10  per  cent  of  the  different  constituents. 

3.  Thermal  analyses  and  heat  treatments. 

4.  Physical  and  mechanical  examinations  which  would  include 
color,  appearance,  specific  gravity,  hardness,  tensile  strength, 
reduction,  elongation,  a2ii  modulus  of  elasticity. 

5.  Measurements  o  f  t  he  relative  electromotive  forces  of  the 
alloys  in  contact  with  salt  solutions. 

6.  Corrosion  tests  in  salt  solution,  in  hydrochloric  acid,  in 
sulfuric  acid,  in  nitric  acid,  in  sodium  hydroxide,  in  ammonium 
hydroxide  and  in  fatty  acids. 


8. 

7.  Ilicroscopic  examination. 

The  program  has  been  carried  out  in  the  main  with  the 
exception  of  the  thermal  analysis  and  heat  treatment.  Consider- 
able time  and  effort  have  been  expended  on  the  attempt  to  work 
out  suitable  means  for  the  former,  but  the  experimental  difficul- 
ties seemed  insurmountable  so  far  as  the  present  work  is  concerned. 
It  was  thought  best  also  to  postpone  the  study  of  heat  treatment 
until  the  equilibrium  diagram  could  be  obtained. 
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II.     ELECTRIC  FUEMCE. 
Requirements  of  Furnace.     For  the  proposed  work  it 
was  necessary  to  have  a  furnace  v/hich  would  give  temperatures  well 
above  the  melting  point  of  chromium  fl520°C. )  and  which  would 
maintain  these  temperatures  for  any  period  of  time.       It  was  de- 
sirable to  have  the  crucibles  made  of  some  material  which  would 
not  be  attacked  by  the  met  sis  chromium,  copper,  nickel,  or  their 
oxides,  or  by  any  cover  which  might  be  used  to  protect  the  metals 
from  oxidation,  and  of  such  size  that  they  would  contain  a  charge 
of  100  grams  or  more.     It  was  further  desirable  to  be  able  to 
maintain  a  neutral  or  reducing  atmosphere  in  the  furnace  during 
the  heating  and  cooling.     Other  limitations  required  that  the  fur- 
nace should  operate  on  a  110  volt  circuit  without  a  transformer 
and  that  it  should  not  require  a  current  of  more  than  30  amperes. 

2*  Early  Experiments.     After  a  brief  examination  of  the 
numerous  descriptions  of  electric  furnaces  which  had  been  publish- 
ed, it  was  decided  that  the  one  described  by  Calhane  and  Bard  * 


*  Calhane  and  Bard.    llet.  and  Chem.  Eng.  10  (1912)  p.  461. 


came  the  nearest  to  meeting  all  of  the  requirements  and  a  modified 
form  of  that  furnace  was  used  to  begin  the  experimental  work.  A 
general  view  of  the  experimental  furnace  is  shown  in  Fig. 6.  The 
alundum  cylinder  used  in  this  furnace  was  later  replaced  by  one  of 
magnesia  fSee  Fig. 5)  because  it  was  found  that  the  alundum  became 
a  rather  good  conductor  of  electricity  when  heated  to  about  1300 
degrees  C  and,  moreover,  it  cracked  badly  on  rapid  heating.  The 
alundum  crucible  and  the  alundum  blocks  for  supporting  the  crucible 
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were  also  replaced  by  magnesia  parts.     Otherwise,  the  experimental 
furnace  did  not  differ  materially  from  the  one  finally  developed. 
A  general  viev/  is  shown  in  Fig. 6,  some  of  the  parts  are  shown  in 
]?ig.5,  and  vertical  sections  at  right  angles  to  each  other  are 
shown  in  Fig.4A  and  ]rig.43.     The  parts  will  be  described  in  detanl 
below. 

3.  Description  of  Parts.     The  fire  clay  parts  v/ere  made 
in  the  Ceramics  Department  of  the  University  of  Illinois.  They 
have  been  found  quite  satisfactory  and  have  required  no  repair  up 
to  the  present  time.      They  were  made  by  a  student  and  the  cost 
of  his  labor  at  25^  per  hour  was  $6.50. 

Magnesia  Cylinders;-    Although  various  refractories  were 
tried,  fused  magnesia  was  found  to  be  the  most  satisfactory  mater- 
ial for  the  cylinders.     This  material  requires  special  mention. 
It  was  prepared  by  l.lr.  T.  D.  Yensen  *  of  the  Engineering  Ilxperiment 

*  Yensen, Bulletin  lIo.7S,  Sng.  Exp.  Sta.  ,  Univ.  of  111.   fl914)  p. 49 

Station  of  the  University  of  Illinois  and  was  made  by  fusing  pre- 
cipitated magnesium  carbonate.      According  to  Yensen,  the  fused 
magnesia  contained  1  per  cent  SiOg,  which  is  a  higher  degree  of 
purity  than  can  be  obtained  by  fusing  native  magnesite.     The  other 
refractories  included  alundum,  chromite,  mixtures  of  Portland 
cement  and  magnesia,  and  a  mixture  of  fire  clay  and  magnesia.  The 
method  used  for  making  the  magnesia  cylinders,  although  sonevirhat 
crude,  probably  deserves  mention.     The  magnesia  was  moistened  with 

a  suspension  of  10  parts  of  magnesium  carbonate  to  100  parts  of 
water  and  packed  into  a  mould  consisting  of  two  concentric  cylind- 
ers of  such  diameters  that  the  distance  between  them  gave  the  de- 
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sired  thickness  to  tho  magnesia  cylinder.     The  parts  of  the  mould 
which  would  be  in  contact  with  the  magnesia  were  previously  coated 
with  paraffin.     3y  heating  at  105°C.  in  an  electric  oven,  the 
paraffin  was  removed  and  at  the  same  time  the  magnesia  cylinder 
was  dried  and  hardened  so  that  it  could  be  removed  without  danger 
of  breaking.     The  dried  cylinder  was  then  placed  in  a  Hoskins 
electric  furnace  and  heated  to  a  temperature  of  about  1600°C.  The 
loss  in  weight  due  to  heating  was  about  6.5  per  cent  and  the  shrink- 
age in  dimensions  was  about  4  per  cent. 

Magne s ia  C rue ib 1 e s : -  The  magnesia  crucibles  were  made  by  pack- 
ing magnesia  moistened  with  hydrated  magnesium  carbonate  as  referr- 
ed to  above,  into  the  mould  shown  in  Pig. 5.     Then  by  applying  pres- 
sure to  the  plunger  which  rested  against  the  bottom  of  the  crucible, 
the  latter  could  be  made  quite  compact.     The  core  for  the  inside 
of  the  crucible  and  the  small  collar  at  the  top  of  the  crucible 
were  then  removed  and  the  crucible  forced  out  by  means  of  the 
plunger.     The  mould  had  a  slight  taper  which  made  the  crucibles  a 
little  larger  at  the  top  than  at  the  bottom  and  at  the  same  time 
made  them  more  easily  removable  from  the  mould.     They  were  then 
dried  and  heated  to  about  1600°C.     They  have  been  quite  satisfact- 
ory. 

Electrodes:-    The  electrodes  were  of  graphite  and  were  of  the 
forms  shown  in  Pigs.  5,  4A  and  4B. 

Resistor;-  Coke,  graphite  and  compressed  carbon  have  been 
tried  as  resistors.     In  all  cases  the  material  used  was  in  granular 
form  and  of  such  size  that  it  would  pass  through  a  10  mesh  sieve 
and  would  lie  on  a  20  mesh  sieve.      The  finer  the  material  the 
greater  resistance  it  offered  to  the  passage  of  the  electric  current. 
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As  finally  constructod  tho  total  crosG  section  of  the  resistor 
varied  from  2  to  2.25  sq.in.     Coke  had  such  a  high  resistance  that 
it  was  impossible  to  get  sufficiently  large  currents  through  the 
furnace,  especially  when  heating  up  from  room  temperature.  V/ith 
compressed  carbon,  7/hich  was  obtained  by  grinding  electric  lantern 
electrodes,  it  was  possible  to  get  currents  of  about  10  amperes 
for  heating  up  the  furnace,  increasing  as  the  temperature  increased. 
The  initial  current  depends,  in  part,  on  whether  or  not  the  re- 
sistor has  been  packed  and  on  the  amoujit  of  pressure  on  the  upper 
electrode , which  is  movable.     With  graphite  the  resistance  is  less 
and  it  is  possible  to  get  as  much  as  15  to  20  amperes  in  a  short 
time.     Graphite  has  the  disadvantage  that  when  a  temperature  of 
1000  to  1200  degrees  C  is  reached  it  becomes  too  good  a  conductor 
and  that  effect  with  the  additional  conductance  due  to  the  magnesia 
crucible  and  cylinder,  which  conduct  appreciably  above  temperatures 
of  about  1300  degrees,  permits  the  passage  of  more  than  30  amperes 
and  it  is  necessary  to  use  some  external  resistance.     As  a  result 
a  mixture  of  graphite  and  compressed  carbon  has  been  used.  It 
seems  most  satisfactory  to  have  the  resistor  so  arranged  that  the 
furnace  will  start  heating  with  a  current  of  about  10  amperes  with- 
out any  external  resistance.     Then  as  the  temperature  of  the  furnace 
goes  up  the  current  increases  until  it  reaches  25  to  30  amperes  and 
it  may  be  necessary  to  put  in  some  external  resistance  in  order  to 
keep  the  current  below  30  amperes.     Slow  heating,-  heating  to  1000 
degrees  in  15  to  20  minutes  -  seems  to  involve  less  danger  of  crack- 
ing the  cylinders. 

4»  Adjustment  of  the  Resistance.     Beside  the  variation  of 
the  resistance  by  changing  the  composition  of  the  resistor  an 
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arrangement  has  been  provided  to  change  the  pressure  on  the  upper 
electrode  by  loosening  or  tightening  the  nuts  on  the  cross  piece 
shown  in  Pigs.  4B  and  6.     This  device  gives  considerable  variation 
in  the  resistance  and  in  some  cases  it  has  been  found  sufficient 
for  all  of  the  necessary  control  of  the  current,  so  that  no  exter- 
nal resistance  was  required, 

5.  Temperatures  Obtainable.     The  highest  temperature 
which  has  been  measured  has  been  1750° C.  as  measured  by  a  Vv'anner 
pyrometer.     Chromium  has  been  melted  on  several  occasions.  Tem- 
peratures of  1400  to  1500^0.  have  been  obtained  in  15  to  20  min- 
utes but  it  is  better  to  so  operate  the  furnace  that  it  will  heat 
to  1500°C.  in  about  30  minutes  and  at  that  time  will  have  a  current 
of  about  25  amperes  with  no  external  resistance. 

6.  Atmosphere  in  Furnace.     The  metal  in  the  crucible  is 
not  in  contact  with  carbon  but  it  is  exposed  to  oxidation.  At 
higher  temperatures  there  is  generated  in  the  furnace  a  sufficient 
amount  of  carbon  monoxide  so  that  it  may  be  lighted  above  the 
openings  in  the  furnace.     That,  to  some  extent,  protects  the  charge 
from  oxidation  but  it  is  not  sufficient.    A  further  protection  has 
been  secured  by  covering  the  charge  with  cryolite,  which  not  only 
tends  to  prevent  oxidation  but  fluxes  most  of  the  oxides  which  may 
have  been  formed. 

7.  Conclusions.  V/hile  this  furnace  does  not  meet  all  of 
the  desired  requirements,  it  has  some  advantages.  It  is  cheap  and 
the  parts  can  easily  be  replaced.  It  will  produce  temperatures  as 
high  as  1750°c.  and  will  operate  on  a  110  volt  circuit  without  a 
transformer.  The  crucible  is  large  enough  to  hold  a  charge  of  100 
grams  which  is  sufficient  for  cooling-curve  determinations.  By 
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using  n  resistor  of  proper  composition  and  adjusting  the  pressure 
on  the  electrode  it  io  possible  to  make  a  considerable  variation  in 
the  resistance  and  thus  control  the  rate  of  heating,  in  most  cases, 
without  the  use  of  external  resistance. 


Fig. 5      General  View  of  Electric  J^irnaoe. 
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III.     PREPAEATIOH  OF  THE  ALLOYS. 

1.  Materials .      The  materials  used  in  the  preparation  of 
the  different  alloys  were  all  of  good  quality.     The  chromium  was 
secured  from  ths  Goldschmidt  Thermit  Company  and  v/as  labeled 
98.99f^  chromium.    An  analysis  of  one  sample  showed  98.2  per  cent 
chromium  with  the  remainder  consisting  largely  of  silica,  slag, 
etc.     The  nickel  was  C.A.P.Zahlbaum's  "Nickel  in  Wiirfein"  and  an 
analysis  showed  that  it  contained  99.6  per  cent  of  nickel,  a  small 
amount  of  iron  and  only  a  trace  of  cobalt.    Two  different  supplies 
of  copper  were  used.    Both  were  electrolytic  copper;  one  purchased 
from  the  J.T.Baker  Chemical  Company  and  the  other  from  C.A.P.Zahl- 
baum. 

2.  Melting  the  Metals.     The  samples,  with  the  exception 
of  Hos.  1  to  6  inclusive,  were  melted  in  a  Hoskins  electric  fur- 
nace, of  the  carbon  plate  resistor  type,  in  Crescent  Safety  cruci- 
bles bought  from  E, H.Sargent  &  Company  of  Chicago.    They  were  sand 
crucibles  covered  with  graphite.     They  stood  temperatures  as  hi^ 
as  1600°C.  and  in  only  one  or  two  cases  did  they  seem  to  be  soften- 
ed by  the  heat.     It  was  not  possible  to  use  a  crucible  for  more 
than  one  melt,  principally  because  of  the  corrosion  of  the  sand 
lining.     Samples  Hos.  1  to  6  inclusive  were  melted  in  a  gas  fired 
furnace  in  fire  clay  crucibles.     The  metals  were  protected  in  all 
cases  by  a  cover  of  cryolite  fIaAlP4)  which  was  by  far  the  most 
satisfactory  cover  found.     It  was  necessary  to  have  the  metals 
covered  to  prevent  oxidation,  if  possible,  and  at  the  same  time  it 
was  desirable  to  have  the  cover  of  such  a  material  that  it  would 
take  up  any  oxides  that  were  formed.     The  cover  must  also  stand  a 
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temperature  of  about  1600°C .  without  being  lost  by  volatilization. 
Sodium  and  potassium  carbonates,  salt,  borax,  a  mixture  of  tliese 
with  silica,  and  magnesia  were  tried  but  they  were  all  less  satis- 
factory, due,  in  most  cases,  to  volatilization.     Hov/ever,  the  mix- 
ture was  a  good  flux  for  chromium  oxide.     Chromium  does  not  seem  to 
oxidize  very  rapidity  below  the  melting  point  of  copper  and  at  that 
temperature  the  cryolite  is  quite  liquid  and  covers  the  chromium. 
The  charges  were  of  uniform  size,  300  grams,  in  all  cases.  The 
furnace  used  from  25  to  30  K.  \J.  per  hour  and  the  time  required  for 
a  melt  varied  from  E  to  3  hours. 

3.  Casting  the  Samples.     The  molten  metals  were  poured 
into  asbestos  lined  iron  moulds  3/4  inches  in  diameter  and  about 
8  inches  in  length,  which  had  been  heated  to  a  bright  red  tempera- 
ture and  packed  in  amorphous  silica.     Some  care  was  required  in 
heating  the  moulds  for  if  they  were  heated  to  too  hi^  a  tempera- 
ture the  asbestos  was  broken  up,  and  if  not  heated  enough  the 
moisture  was  not  completely  removed  and  caused  trouble  in  pouring 
the  metal.    A  method  of  pouring  into  moulds  coated  with  lime  was 
used  for  a  while  but  that  was  found  unsatisfactory  and  was  abandon- 
ed.    The  lime  was  hard  to  dehydrate  completely  and  then  it  scaled 
off  and  let  the  metal  come  in  contact  with  the  iron  mould.  By 
taking  a  reasonable  amount  of  care  it  was  possible  to  line  the 
moulds  with  asbestos  paper  both  on  the  sides  and  bottom,  so  that 
the  metal  did  not  come  in  contact  with  the  iron  and  the  casting 
could  be  removed  with  little  difficulty  when  it  was  cold.     If  the 
bottom  of  the  mould  was  not  carefully  closed  with  asbestos  there 
was  a  decided  tendency  for  the  molten  metal  to  flow  up  between  the 
asbestos  and  the  iron  and  that  gave  trouble  in  removing  the  casting. 
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The  silica  "being  a  good  nonconductor  for  heat  insured  slow  cooling. 

4.  Composition  of  Alloys.     The  intended  composition  of 
the  different  alloys  is  given  in  Table  No.l.     The  percentages  are 
expressed  in  both  atomic  and  weight  per  cents.     The  weight  per 
cents  were  calculated  from  the  atomic  per  cents  by  means  of  the 
following  formula  in  which  A,  B,  and  C  represent  respectively  the 
three  metals  chromium,  copper  and  nickel. 

Weight  per  cent  A  equals 

At,  ^  A  X  at.  wt.  A  X  100  

At.  %  A  X  at.  wt.  A  *  at.  fo  B  X  at.  wt.  B  ■}  at.  ^5  C  x  at.  wt.  C. 

In  these  calculations  the  values  Cr  »  52.00;  Cu  »  63.57  and  Ui  = 
58.68  were  used  as  the  atomic  weights.     Table  Uo.l  also  shows  the 
weight  per  cent  composition  of    the  castings  as  found  by  analysis. 

5.  Analysis .     Three  methods  of  sampling  were  used,  For 
some  of  the  softer  alloys  the  sample  was  obtained  by  making  drill- 
ings,   For  the  specimens  which  were  turned  to  test  pieces  the 
turnings  were  used  for  analysis.     In  all  other  cases  a  piece  was 
sawed  off  of  one  end  of  the  specimen.     The  copper  and  nickel  were 
determined  electrolytically.     The  chromium  was  determined  by  pre- 
cipitating it  as  the  hydroxide,  igniting  and  weighing  as  the  oxide. 
Duplicate  analyses  were  not  made  and  some  of  the  results  show  that 
the  analyses  are  not  highly  accurate,  but  it  is  considered  that  all 
of  the  results  are  sufficiently  accurate  for  the  work  in  hand.  In 
a  few  cases  one  of  the  constituents  was  determined  by  difference 
and  that  has  been  indicated  in  Table  Uo.l. 

6.  Changes  in  Composition.    A  comparison  of  the  composi- 
tion of  the  charge  with  the  composition  of  the  casting,  as  found  by 
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analysis,  sho\M3  that  there  was  a  very  remarkable  loss  in  chromium 
content  in  tlie  chromiura-coppor  alloys.     The  highest  chromium  con- 
tent found  was  in  No. 22  v/hich  showed  13.15  per  cent,  whereas,  it 
should  have  had  about  17  per  cent.     In  llo.31,  the  chromium  should 
have  been  about  26  per  cent  but  analysis  showed  only  9.89  per  cent. 
Other  attempts  to  prepare  alloys  of  chromium  and  copper  containing 
higher  percentages  of  chromium  failed.    Even  in  the  case  of  alloy 
Ho. 12,  which  was  slowly  cooled  and  which  contained  only  6.08  per 
cent  of  chromium,  there  is  a  separation  of  pure  chromium  or  of  a 
chromium-rich  constituent.     See  microphotograph  lTo.l2.  Plate  Ho. 4. 
It  has  been  stated  by  Hindrichs  that,  at  higher  temperatures, 
chromium  and  copper  form  an  emulsion  in  which  the  chromium  may  be 
in  a  finely  divided  condition  and  that  on  slow  cooling  the  chromium 
collects  in  larger  particles.     It  seems  more  probable  that  chromium 
is  much  more  soluble  in  copper  at  higher  temperatures  than  at  the 
melting  point  of  copper.     In  either  case  rapid  cooling  may  be  ex- 
pected to  tend  to  prevent  such  a  separation  and  to  produce  a  more 
homogeneous  structure.    Evidence  to  this  effect  is  shown  by  the 
fact  that  the  alloy  containing  10  per  cent  of  chromium  and  90  per 
cent  of  copper  which  is  offered  for  sale  by  the  Goldschmidt  Thermit 
Company  is  almost  homogeneous.     That  alloy  is  said  to  be  made  by 
an  alumino thermic  method.     The  aluminothermic  reaction  would  pro- 
duce a  very  high  temperature;  then  if,  as  appears  to  be  the  case, 
the  alloy  is  cooled  suddenly  there  would  not  be  sufficient  time 
for  the  separation  of  the  chromium  or  chromium-rich  constituent. 

In  the  ease  of  the  other  alloys  there  ?/ere  losses  of  different 
constituents  depending  upon  a  number  of  conditions.    Por  the  ter- 
nary alloys  rich  in  copper  there  was  generally  a  loss  in  chromium. 


20. 

probably  due  to  a  lack  of  solubility  of  the  chromium  in  the  other 
metals  present.     For  the  ternary  alloys  rich  in  nickel  and  for  the 
binary  alloys  of  chromium  and  nickel  there  was  generally  a  loss  in 
nickel,  but  that  may  be  accounted  for  by  the  fact  that  in  making 
up  the  charges  precaution  was  taken  to  protect  the  chromium  by 
putting  it  in  the  bottom  of  the  crucible  and  that  left  the  nickel 
more  exposed  to  oxidation.     The  changes  in  composition  may  be 
studied  in  Table  Uo.l.     It  is  certain  that  in  making  a  series  of 
alloys  by  such  a  method  as  has  been  outlined  above  it  is  not  safe 
to  assume  that  the  composition  of  the  alloy  obtained  will  be  the 
same  as  that  of  the  charge  melted. 

7.  Alloy  of  50fo  Or  and  50^b  Cu.     In  order  to  determine 
whether  or  not  an  alloy  containing  equal  parts  of  chromium  and 
copper  could  be  prepared  the  follov^ing  experiments  were  conducted. 
A  charge  of  30  grams  of  chromium  and  30  grams  of  copper  was  heated 
in  the  furnace  which  has  been  described  in  Chapter  II.    A  little 
copper  was  put  in  the  bottom  of  the  crucible,  next  the  chromium 
was  added  and  then  the  remainder  of  the  copper.     The  charge  was 
covered  with  cryolite.     It  was  heated  well  above  the  melting  point 
of  chromium  and  kept  at  that  temperature  for  at  least  15  minutes. 
The  current  was  then  shut  off  and  the  furnace  allowed  to  cool  sIot/- 
ly.    An  examination  showed  that  the  chromium  had  been  melted.  The 
copper  had  been  put  on  top  of  the  charge  but  it  was  found  at  the 
bottom  of  the  melt.    A  fairly  well  defined  line  of  separation 
between  the  copper-rich  and  the  chromium-rich  parts  of  the  melt 
could  be  seen.     See  microphotographs  below.     The  above  experiment 
was  later  repeated  with  similar  results.    By  this  method  it  has 
been  possible  to  get  a  division  of  the  melt  into  two  fairly  well 


r   

HI, 

defined  layers.     Prom  a  microscopic  examination  it  was  evident 
that  the  lower  layer  contained  some  chromium  and  it  appeared  that 
the  upper  layer  contained  some  copper.     Hindrichs  stated  that  he 
was  not  able  to  get  the  two  metals  to  separate  into  two  3?iarply 
defined  layers. 


Micropho to graphs  showing  the  separation  of  the  chromium- 
rich  and  the  copper-rich  constituents  of  a  melt  containing  50fo  Cr 
and  50fo  Cu.    Etched  in  ifo  FeCl^  in  1:1  ECl  and  thaistained  in  I  in 
alcohol.     The  dark  portion  is  the  copper-rich  constituent.  Magni- 
fied 44  diameters. 
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Table  IIo.l 

22. 

No. 

Atomic  por 
composit  ion 
Cu  Cr 

cent 
Ni 

V/n  1  i^yx  A\  "HPT 

composition 
Cu  Cr 

Ni 

T/ei^^ht  per  cent 
comp.  by  anal yc is 
Cu           Cr  Hi 

1. 

100. 

100. 

o 

w  • 

90. 

10. 

90.  71 

9.  29 

9 .06 

3. 

80. 

20. 

81.27 

18.  73 

ol .  U  / 

18.  76 

4. 

70. 

30. 

71.65 

28. 35 

/I.  ±6 

28.46 

5. 

60- 

40. 

61.90 

38.10 

51.  63 

38.  25 

6. 

50. 

f  1 ) 

50. 

52.00 

48.00 

/  D  nc 
4o  .  95 

49.90 

7. 

40. 

60. 

41.94 

58.06 

59  . 13 

30. 59 

8. 

30. 

70. 

31.  70 

68. 30 

41.  14 

58.  27 

9. 

20. 

80. 

21.31 

78.69 

£iU.  5o 

79. 35^^ 

10. 

10. 

90. 

10.74 

89.  26 

±U  .  O  / 

88.  90 

11. 

100. 

100. 

A  A  AA 

99. 66 

12. 

90. 

10. 

91.68  9.32 

Q/1  OA 

C  AO 

5  .08 

00. 00 

13. 

80. 

10. 

10. 

82.12  8.40 

9.48 

o4.  o5 

7.  79 

9.  28 

14. 

70. 

10. 

20. 

72.43  8.45 

19.12 

17/1  cnL 

8.  25 

16.  05 

15. 

60. 

10 

30. 

62.58  8.53 

28.89 

66 . 32 

10.63 

22.94 

16. 

50. 

10. . 

40. 

52.57  8.60 

38. 83 

04.  /I 

15.  94 

29.35 

17. 

40. 

10. 

50. 

42.40  8.67 

48. 93 

42.56 

10. 13 

48.00 

18. 

30. 

10. 

60. 

32,05  8.75 

59 . 20 

32.69 

13.97 

54.16 

19. 

20. 

10. 

70. 

21.55  8.81 

69 . 64 

20.85 

11.80 

66.25 

20. 

10. 

10. 

80. 

±U.O/    a. 89 

80. 24 

11.83 

11.90 

76.27* 

21. 

10. 

90. 

8.96 

91.04 

00.00 

19.37 

78.99 

22. 

80. 

20. 

83.02  16.98 

87.93 

13.15 

00.00 

fl)  No. 6  was  made  up  to  be  50^  copper  and  ^0%  nickel  by  weight. 
*  Determined  by  difference. 
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Table  Uo 

.1  continued 

23. 

No. 

Atomic  per 

composition 
Gu  Cr 

cent 
Nl 

Weight  per  cent 

composi  tion 

Cu           Or  Ni 

Weight 
Cu 

per  cent 
by  analysis 
Cr  Ni 

23. 

70. 

20. 

10. 

73.22 

17.12 

9.66 

80.58 

10.56 

9.38 

24. 

60. 

20. 

20. 

63.28 

17.25 

19.47 

56.30 

14.56 

29.24 

25. 

50. 

20. 

30. 

53.16 

17.40 

29.44 

66.92 

13.62 

19.20 

26. 

40. 

20. 

40. 

42.88 

17.54 

39.58 

44.08 

19.30 

36.34 

27. 

30. 

20. 

50. 

32.41 

17.69 

49.90 

36.70 

15.99 

47.31* 

28. 

20. 

20. 

60. 

21.80 

17.83 

60.37 

22.20 

19.86 

57.36 

29. 

10. 

20. 

70. 

10.99 

17.98 

71.03 

10.88 

19.64 

68.62 

30. 

20. 

80. 

18.14 

81.86 

00.00 

21.52 

76.95 

31. 

70. 

30. 

74.05 

25.95 

89.82 

9.89 

00.00 

32. 

60. 

30. 

10. 

63.99 

26.17 

9.84 

73.63 

17.66 

8.55 

33. 

50. 

30. 

20. 

53.77 

26.38 

19.85 

59.62 

22.00 

19.48 

34. 

40. 

30. 

30. 

43.37 

26.61 

30.02 

45.70 

25.10 

29.52 

35. 

30. 

30. 

40. 

32.79 

26.84 

40.37 

33.76 

29.46 

36.78* 

36. 

20. 

30. 

50. 

22.05 

27.06 

50.89 

22.58 

28.10 

48.42 

37. 

10. 

30. 

60. 

11.12 

27.29 

61.59 

10.90 

29.70 

58.12 

38. 

30. 

70. 

27.52 

72.48 

00.00 

28.44 

71.56* 

39. 

60. 

40. 

64.71 

35.29 

ITot  prepared. 

40. 

50. 

40. 

10. 

54.38 

35.58 

10.04 

70.57 

19.93 

8.99 

41. 

40. 

40. 

20. 

43.86 

35.89 

20.25 

54.16 

31.63* 

14.21 

42. 

30. 

40. 

30. 

33.17 

36.20 

30.63 

33.60 

38.16 

26.78 

43. 

20. 

40. 

40. 

22.31 

36.50 

41.19 

22.68 

41.32 

34.60 

44. 

10. 

40. 

50. 

11.25 

36.82 

51.93 

11.02 

43.30 

46.46 

45. 

40. 

60. 

37.14 

62.86 

00.00 

44.93 

56.55 

46. 

50. 

50. 

56.20 

44.80 

Not  prepared. 

47 

40. 

50. 

10. 

44.38 

45.37 

10.25 

Not  prepared. 

*  Determined  by  differance. 

Ho.     Atomic  per  cent 
composition 


L>  U. 

or 

T  T  4 

Aft 

ou . 

ou . 

o  r\ 
C\J  . 

A.Q 

<su . 

ou . 

rr  r\ 

OU  , 

iJ\J  . 

1  n 

IX)  • 

ou . 

A  A 

DU  . 

KA 

S2 

4.0 

ou . 

DU  . 

1  A 
10. 

ot  • 

xSU  . 

dU  . 

OA 

20. 

1  n 
±u . 

OU. 

T  A 

30 . 

. 

oU  • 

A  A 

4u  • 

57- 

/u  • 

»u . 

T  A 
±0. 

59 

T  0 

'  u  • 

OA 

/  U. 

»>t  A 

DX  . 

5>n 

oU. 

1  n 
±\j . 

fin 
oU . 

T  A 
10. 

63. 

80. 

20. 

64. 

10. 

90. 

65. 

90. 

10. 

66. 

100. 

Tablo  No.l  continue 


V/eight  per 

cent 

composition 

Gu 

Or 

Ul 

33. 57 

45.  76 

20. 67 

22. 58 

45.16 

31.26 

11.39 

46.56 

42.05 

46.  96 

53.04 

A  A  OCX 

55. 11 

rr  rj     r\  /• 

33. 96 

55.59 

10.45 

22*  85 

56.06 

21.09 

ll«o3 

56.  56 

31.91 

57.07 

42.93 

34, 37 

65.63 

23. 13 

66.21 

11.56 

11. 66 

66,80 

21.54 

67.40 

32.60 

23.41 

76.59 

11.81 

77.29 

10.90 

78.00 

22.00 

11.96 

88.04 

88.86 

11.14 

100. 


(1  24. 

Weight  per  cent 
comp.  by  analyais 

cu         Si  M 

28.42     54.92  17.12 
24.12     47.54  26.28 
IJot  analyzed. 
00.00    57.40  41.66 


Uot  analyzed. 
Hot  analyzed. 


Hot  analyzed. 

Hot  analyzed. 

Hot  analyzed. 
98.21 


25. 

IV.     TKKRIIAL  .UJALYSES  AIJD  HEAT-TREATimiJTS. 

1.  Difficulties  of  Theraal  Analysis.     The  principal 
reason  for  constructing  the  electric  furnace,  descrlbGd  in  Chapter 
II. ,  was  to  secure  a  suitable  furnace  for  making  thermal  analyses 
of  the  alloys.    Although  the  furnace  seemed  to  promise  well,  other 
difficulties  were  net.     It  was  necessary  to  have  an  insulating 
tube  for  the  thermocouple.     Quartz  tubes  are  good  for  lower  tem- 
peratures but  they  cannot  be  used  at  the  melting  point  of  chromium. 
Porcelain  tubes,  such  as  were  used  by  Hindrichs ,  stand  slightly 
higher  temperatures  than  quartz  without  softening  but  they  break 
badly  and  are  attacked  by  chromium.  '  In  attempt  was  made  to  use 
an  alundum  tube  but  it  broke  in  the  first  melt.     Since  it  was 
known  that  the  magnesia  crucibles  were  little  attacked  by  the 
chromium,  it  was  thought  that  an  insulating  tube  of  the  same  mater- 
ial mic;3it  be  satisfactory.     Some  tubes  were  moulded,  dried  and 
heated  to  about  1500°C.     They  became  hard  and  dense,  but  bent 
during  the  heating.     It  appears  that  in  heating  the  magnesia  to 
1500°C.,  it  passes  through  a  semi-fused  state  at  which  time  sinter- 
ing takes  place,  but  at  that  same  time  the  tubes  bent  so  badly  that 
they  could  not  be  used.     Some  magnesia  tubes  were  moulded  in  which 
a  solution  of  magnesium  chloride  was  used  as  the  binding  material. 
These  tubes  after  drying  at  105°C.  were  hard  and  looked  promising, 
but  when  they  were  heated  they  became  brittle  and  crumbled  to 
pieces  at  800  to  900°C.     So  far  all  attempts  to  prepare  satisfact- 
ory magnesia  insulating  tubes  have  failed.    Because  of  so  majny 
difficulties  and  a  limited  amount  of  time  it  7/as  thought  best  to 
omit  this  part  of  the  investigation  for  the  time  being. 
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2.  Heat-Treatments.      As  was  explained  In  the  Introduc- 
tion, it  has  not  "been  considered  advisable  to  do  much  in  the  way 
of  heat- treatment  until  the  equilibrium  diagrams  have  been  estab- 
lished. 

Annealing  Tests:-    Small  pieces  of  alloys,  Nos.  22  to  38  in- 
clusive, were  packed  in  amorphous  silica  in  an  iron  pipe,  1-3/4 
by  5  inches  in  dimensions  and  closed  at  both  ends  by  caps.  The 
pipe  and  contents  were  placed  in  an  electric  furnace  and  heated  at 
a  temperature  of  approximately  900^0 .  for  at  least  24  hours.  The 
specimens  were  repolished  and  examined  microscopically.     From  a 
brief  examination  it  seems  that  there  had  not  been  any  very  notic- 
able  change  in  the  structure. 
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V.     PHYSICAL  AM)  MECIIAUICAL  PROPilRTIES. 

1.  Color  and  Appoarance»     The  color  of  the  different 
alloys  depends  upon  the  amount  of  copper  as  compared  r/ith  the  sum 
of  the  amounts  of  chromium  and  nickel  present.     The  chromium  and 
nickel  colors  are  more  persistent  than  the  copper  color  and  an 
alloy  containing  50  per  cent  of  copper  and  50  per  cent  of  nickel, 
or  of  chromium  and  nickel,  will  have  the  color  of  nickel  and  will 
not  show  any  color  of  copper.     The  alloys  near  the  pure  copper 
corner  of  the  diagram  (See  Pig. 7)  show  the  greatest  tendency  to 
tarnish  when  exposed  to  the  air  in  the  lahoratoiy.     On  the  other 
hand,  the  alloys  near  the  nickel  corner  of  the  diagram  are  more 
porous  and  more  likely  to  have  blow-holes.     Perhaps  the  diagram 
used  in  Pig. 7  requires  a  word  of  explanation.     The  three  metals, 
chromium,  copper  and  nickel,  are  represented  by  the  corners  of  the 
equilateral  triangle.     The  compositions  of  the  different  alloys, 
as  found  by  analysis,  have  been  represented  by  the  centers  of  the 
circles  so  that  they  can  be  read  off  directly  from  the  diagram. 
The  number  of  the  alloy  has  been  placed  inside  of  the  circle.  All 
of  the  binary  alloys  fall  on  the  sides  of  the  triangle  and  all  of 
the  ternary  alloys  fall  within  the  triangle.     One  example  will 
serve  to  show  the  method  of  reading  the  composition  of  the  differ- 
ent alloys  from  their  position  on  the  diagram.     lIo.28  is  approxi- 
mately on  the  line  marked  20  per  cent  chi'omium  which  runs  parallel 
to  copper-nickel  side  of  the  triangle.     It  is  between  the  lines 
marked  60  and  50  per  cent  of  nickel  which  run  parallel  to  the 
chromium-copper  side  of  the  triangle.    Prom  that  it  can  be  esti- 
mated that  the  alloy  contains  approximately  57  per  cent  of  nickel. 


28. 

Then  there  is  loft  about  23  per  cent  for  copper  or  it  can  be  read 
off  from  the  distance  of  the  center  of  the  circle  from  the  line 
marked  20  per  cent  copper  which  runs  parallel  to  the  chromium- 
nickel  side  of  the  triangle.     By  this  method  it  is  possible  to 
read  off  directly  the  composition  of  any  alloy  which  has  been 
plotted  on  the  diagram.     The  alloys  which  show  the  copper  color 
are  Hos.  2,  3.  4.  5.  12,  13,  14,  22,  23,  31,  32,  40  and  48.  Their 
compositions  can  be  read  off  from  Pig. 7  or  it  can  be  found  in 
Table  Uo.l.     Table  lIo.2  shows  in  a  brief  way  the  kinds  of  castings 
which  were  obtained  for  the  different  alloys. 

2.  Specific  Gravity.     The  specific  gravities  of  the 
different  alloys,  as  cast,  are  given  in  Table  iJo.2  and  the  same 
results  are  shown  in  Pig. 7.     In  the  diagram  the  specific  gravity 
of  the  alloy  has  been  written  above  the  circle  representing  the 
composition  of  the  alloy.     The  specific  gravities  were  determined 
by  weighing  in  air  and  in  distilled  water  at  25^0 .  and  then  cal- 
culating the  specific  gravity  from  the  formula: 

Sp.  gr.  =  Wt.  in  air  at  t°C.  x  sp.  gr.  HgO  at  t°C. 
Loss  of  wt.  in  HgO  at  t°C. 

The  maximum  variation  of  the  temperature  from  25°C.  was  not 
more  than  plus  or  minus  0.5°C.  and  since  that  variation  in  the 
temperature  changed  the  specific  gravity  of  H2O  only  0.001  all 
calculations  were  made  using  the  specific  gravity  of  H2O  at  25°C. 
The  specimens  used  in  these  determinations  usually  weighed  about 
eight  grams,  they  had  been  ground  smooth  on  a  ITo.lOO  alundum  wheel 
and  were  carefully  freed  from  grease  etc.     They  were  suspended  by 
a  fine  silk  thread  r/hen  weighed  in  water.     The  thread  had  very 
little  surface  tension  and  the  weights  could  be  madd  accurate  to 
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No. 


Table  Ho. 2 

HARDNESS,  SPliCI.^IC  GRAVITY  AIE) 

Diameter       Brinell  Specific 

of              Hardness  Gravity 
Impression    Number  at  25^0 « 


29. 


KIND  OF  CASTING. 
Kind  of  Casting. 


1. 

2. 

Broke  in 

test. 

8.56 

3. 

Cracked 

in  test. 

8.76 

4. 

Cracked 

in  test. 

8.92 

5. 

Specimen 

too  small. 

8.76 

6. 

Specimen 

too  small. 

8.78 

7. 

7,2 

Below  68. 

8.53 

8. 
9. 

10. 

11. 

Broke  in 

test. 

8.69 

12. 

7.2 

13. 

6.3 

14. 

5.8 

15. 

5.0 

16. 

4.73 

17. 

4.7 

18. 

19. 

20. 

21. 

22. 

6.9 

23. 

6.4 

24. 

6.2 

(5.4  mm.  thick) 

Below  68. 
86. 
103. 
143. 
161. 
163. 


69. 
82. 
89. 


8.78 
8.57 
8.81 
8.72 
8.75 
8.62 


8.60 
8.71 

8.34  (?) 


Good. 
Good. 

Medium. 

Blow-holes  in  places. 
Blow-holes  in  places. 
Good. 
Good. 

Casting  had  blow-holes. 

Blow- holes  all  through. 

Blow-holes  in  places. 

Large  crystals  and 
small  blow-holes. 

Good. 

Sound. 

Sound. 

Sound. 

Small,  but  sound. 
Pair. 

Small  blow-holes. 
Pair,  except  for  blow-holes. 
Pair,  except  for  blow-holes. 
Large  blow-holes. 

Sound  throughout. 

Good. 

Good. 


Table  No. 2 

continued. 

30. 

llo. 

Diameter 
or 

Impression 

Brinell 

Hardnesa 

number 

opecif ic 
Gravity 
at  25°C. 

Zind  of  Casting. 

25. 

5.9 

99. 

8.62 

Good . 

26. 

4.8 

156. 

8.52 

Very  good. 

27. 

4.53 

175. 

8.54 

Sound. 

28. 

4.5 

179. 

8.50 

Sound. 

29. 

5.3 

(Specimen 

126. 

small ) 

8.48 

Sound. 

30. 

Large  blow- holes. 

31. 

7.3 

68. 

8.47 

Medium. 

32. 

5.46 

117. 

8.55 

Small,  but  sound. 

33. 

5.5 

116. 

8.49 

Excellent.  There 
s eerreffat "i  on  n-T 

of  casting. 

was  some 

fi  *t"   "f"  niTi 

34. 

5.3 

126. 

8.42 

Good. 

35. 

4.92 

148. 

8.34 

Excellent. 

36. 

4.6 

170. 

8.34 

Excellent . 

37. 

4.7 

163. 

8.36 

Excellent. 

38. 

4.48 

181. 

8.23 

Good, 

39. 

ITot  prepared. 

40. 

5.4 

121. 

8.33 

Small,  but  sound. 

41. 

5.5 

116. 

8.38 

Good. 

42. 

5.2 

131. 

8.14 

Excellent. 

43. 

4.8 

156. 

8.12 

Excellent. 

44. 

4.7 

163. 

8.13 

Excellent. 

45. 

4.93               147.  (?) 
(Cracked  in  test. ) 

8. 14 

vTlJ  \J\X,  . 

46. 

IJot  prepared. 

47. 

Hot  prepared. 

48. 

5.7 

107. 

8.24 

Excellent. 

1 


Table  No. 2  continued. 
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IIo.     Diameter  Brinell  opocif  ic  Kind  of  Casting. 

of  Hardness  Gravity 
 Impression    IJuinbcr  at  25  C.  

49.        Sound. 

50.  4.25  202.  7.89  Good. 

51.  4.5  179.  7.95  Good. 

55.  4,0  228.    Sound. 

56.  4.5  179.   (?)  Sound. 

(Specimen  too  small) 

60.        Sound. 

63.        Sound. 

65.        Sound. 


i 

I 
i 


32. 

less  than  1.  milligram.     The  thread  was  attached  to  a  piece  of 
wire  which  was  hung  on  the  balance.     The  thread  and  wire  were 
weighed  frequently  and  corrections  were  made  for  their  weight.  The 
value  obtained  for  Wo. 24  was  in  error  because  it  was  afterv/ards 
found  that  the  specimen  contained  a  concealed  blow-hole.     If  the 
alloys  containing  a  constant  amount  of  chromium  with  varying 
amounts  of  copper  and  nickel  are  considered,  it  will  be  seen  that 
there  is  little  variation  in  the  specific  gravity.     On  the  other 
hand,  if  the  alloys  containing  a  constant  amount  of  copper  with 
varying  amounts  of  chromium  and  nickel  are  considered,  it  will  be 
seen  that  the  specific  gravity  decreases  as  the  per  cent  of  chrom- 
ium increases.     Similar  results  may  be  obtained  if  the  alloys  con- 
taining constant  amounts  of  nickel  and  varying  amounts  of  chromium 
and  copper  are  examined.     If  the  specific  gravities  are  plotted  as 
ordinates  and  the  per  cents  of  chromium  as  abscissas,  fairly  re- 
gular curves  will  be  obtained.     If  the  exact  composition  of  the 
alloy  is  known  it  is  possible  to  get  some  idea  of  the  relative 
porosity  of  the  specimen  by  a  study  of  the  specific  gravities. 

3.  Brine  11  Hardness  ITumber.     The  hardness  measurements 
were  made  in  the  Materials  Testing  Laboratory  of  the  Department  of 
Theoretical  and  Applied  Mechanics  of  the  University  of  Illinois 
with  a  Brinell  instrument  using  a  3000  kilogram  load  and  a  ball  of 
10  mm.  diameter  and  applying  the  pressure  for  15  seconds.  The 
diameteisof  the  impressions  were  carefully  measured  and  the  hard- 
ness numbers  corresponding  to  those  diameters  were  found  in  a  table 
supplied  by  the  makers  of  the  instrument.     The  pieces  tested  had 
been  ground  smooth,  were  from  4-8  mm.  thick  and  about  20  mm.  in 
diameter.     Only  one  test  was  made  on  each  piece  and  if  it  was 
noticed  that  the  piece  had  bulged  or  cracked  from  the  pressure 
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that  fact  was  recorded  or  the  results  were  rejected. 

Specimen  No.  11  requires  special  mention.     It  v/as  a  sample  of 
pure  nickel  which  had  been  melted  in  a  magnesia  crucible  and  slow- 
ly cooled.     It  had  very  large  crystals  (See  microphotograph  llo.ll) 
and  when  a  test  piece  5.4  mm.  thick  and  22  mm.  in  diameter  was 
tested  it  broke  at  a  load  of  about  2000  kilograms. 

Some  of  the  specimens  were  especially  hard  as  may  be  seen  from 
a  comparison  with  the  values  which  are  given  in  the  following 
table.  * 

*  Canada  Department  of  Mines,  Eeport  110.309.  Part  II. 
By  Zalmus  and  Harper.  Page  9. 


Material 


Date 


Load 


Brinell 


Hardness 

Copper, 

rolled 

sheet. 

unannealed, 

Jan. 

1913 

1000 

lbs. 

65.6 

n 

* 

IT 

Tt 

t 

ti 

II 

1914 

1000 

It 

67.4 

ri 

• 

II 

n 

t 

n 

IT 

1914 

3500 

TT 

75.0 

Tt 

» 

TI 

IT 

f 

»i 

II 

1914 

3500 

»I 

81.9 

Swedish 

iron 

Jan. 

1913 

3500 

IT 

90.7 

M 

n 

II 

1914 

1000 

IT 

68.6 

TT 

Tf 

IT 

1914 

3500 

IT 

75.2 

17rought 

iron 

Jan. 

1913 

3500 

TI 

92.0 

TT 

II 

ti 

1914 

1000 

II 

83.1 

TT 

n 

IT 

1914 

3500 

n 

100.2 

Cast  iron 

Jan. 

1913 

3500 

TI 

97.8 

TT  TT 

n 

1914 

1000 

TT 

84.4 

TT  TT 

n 

1914 

3500 

TI 

104.5 

Mild  steel 

Jan. 

1913 

3500 

II 

109.9 

•T  II 

,  cold  rolled  shafting 

IT 

1914 

3500 

TT 

126.2 
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Material 

Date 

Load 

Brinell 
Hardness 

1  oo ±  o  ue e  J. 

Jan. 

1913 

3500 

lbs . 

153. 8 

n 

1914 

3500 

II 

130.2 

Spring  steel 

Jan. 

1913 

3500 

II 

160.3 

M  IT 

II 

1914 

3500 

II 

178.0 

Tool  steel,  self-hardening 

Jan. 

1913 

3500 

It 

180.0 

n            II                 II  ir 

"Eex"  (before  hardening) 

II 

1914 

3500 

II 

16E.1 

Tool  steel,  self-hardening 

xiex    (aixer  naraening; 

It 

1914 

3500 

It 

240.0 

Tool  steel,  self -hardening , 
from  work  shop  (School  of 

Mines ) 

Jan. 

1914 

3500 

II 

259.0 

Cobalt 

3500 

II 
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It  is  evident  that  these  alloys  are  as  hard  as  tool  steel  and 
sample  lTo.55  approaches  that  of  self -hardening  tool  steel  after 
hardening.     It  is  likely  that  some  of  the  alloys  in  this  series 
have  still  greater  hardness  than  the  one  referred  to  above  since 
some  of  the  others  contain  more  chromium. 

The  hardness  of  these  specimens  has  made  them  extremely 
difficult  to  work.    A  saw  blade  has  been  ruined  on  some  of  the 
specimens  without  cutting  more  than  1  mm.  deep.     It  has  been  foimd 
that  by  keeping  the  saw  blades  moist  with  t(prpentine  they  will 
last  somewhat  longer. 

The  results  obtained  by  the  hardness  tests  are  shown  in 
Table  lJo.2. 

Tensile  Strength  and  Stress-Deformation  Tests. 
Eighteen  specimens  of  the  alloys  of  various  compositions  were 
turned  down  to  test  pieces  and  their  ultimate  tensile  strengths 
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detormlned  and  in  all  except  tv;o  cases  their  elongations  under 
stresses  were  measured. 

Test  Pieces:-    The  test  pieces  were  from  3  to  4  inches  in 
total  length  and  were  turned  to  a  diameter  of  approximately  0.300 
inches  for  a  length  of  2.0  inches  and  were  threaded  at  the  ends 
so  that  they  could  he  screwed  into  half  inch  grips.     It  was  nec- 
essary to  make  the  measurements  on  these  short  test  pieces  instead 
of  the  usual  eight  inch  specimens  because  the  original  castings 
were  only  4  to  5  inches  long  and  pieces  had  been  cut  off  for  micro- 
scopic examination,  for  corrosion  tests,  etc.     It  is  likely  that 
some  of  the  irregularities  observed  in  the  values  obtained  for  the 
modulus  of  elasticity  and  for  the  ultimate  tensile  strength  should 
be  attributed  to  the  use  of  the  short  test  pieces. 

Testing  I^Iachine  and  Method  of  Loading:-    The  testing  machine 

on  which  the  tests  v/ere  made  was  an  Olsen,  Universal,  Screw-Power 

Testing  I.lachine  of  10,000  pounds  capacity.     The  loading  was  by 

that 

hand  and  quite  slow  except /in  the  case  of  specimens  IIo.l7  and  llo. 
28  the  loading  was  done  with  the  motor  and  was  more  rapid.  The 
loading  was  continuous  and  not  repeated. 

Extensometer:-      A  Ev/ing  extensometer  having  a  gage  of  1.E5 
inches  was  used  in  measuring  the  elongations.     The  instrument  was 
quite  sensitive  and  the  elongations  could  be  read  accurately  to 
0.00008  inches    and  estimated  to  0.000008  inches.     The  initial  or 
zero  extensometer  reading  was  taken  with  a  small  load  on  the 
machine.    After  a  satisfactory  number  of  readings  had  been  made  the 
extensometer  was  temoved  and  load  increased  until  the  specimen 
broke. 
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Calculation  of  Modulus  of  Elasticity:-    Curves  wore  plotted 
with  stresses  as  ordinates  and  elongations  as  abscissas.  Then 
tangents  to  the  curves  were  drawn  and  extended  to  a  point  which 
corresponded  to  an  elongation  of  0.001  inch  on  a  length  of  1.0 
inch  and  the  stress  corresponding  to  that  elongation  was  read  from 
the  cross-ruled  paper.     That  stress  minus  the  initial  stress  for 
zero  elongation  gave  the  modulus  of  elasticity.     The  values  are 
given  in  round  numbers. 

The  results  are  shown  in  the  following  table: 

Table  IIo.S 

llo.     Composition  of  the  alloy     Modulus  of  Ultimate  Tensile 

as  found  by  analysis            Elasticity  in      Strength  in  lb. 
 2£  Cu  Hi  lb.  per  sq.in.      per  sq.  in.  


14.  8.25 

17.  10.13 

E5.  13.62 

24.  14.56 

26.  19.30 

28.  19,64 

29.  19.64 

33.  22.00 

34.  25.10 

36.  28.10 
38.  28.44 

35.  29.46 

37.  29.70 
42.  38.16 
44.  43.30 
49.  47.54 


74.63 

42.56 

66.92 

56.30 

44.08 

22.20 

10.88 

59.26 

45.70 

22.58 

33.76 
10.90 
33.60 
11.02 
24.12 


16.05 

48.00 

19.20 

29.24 

36.34 

57.36 

68.62 

19.48 

29.62 

48.42 

71.56 

36.78 

58.12 

26.78 

46.46 

26.28 


18,000,000 

7,000,000 
20,000,000 
12,000,000 

7,000,000 
17,600,000 
20,000,000 
23,700,000 
15,800,000 
16,300,000 
22,000,000 
26,400,000 
16,300,000 
43,200,000 


19,978 
23,833 

14,880  fl) 
17,521 
14,802 
56,255 

19,846  (2) 
22,650 
25,768 
32,654  plus 
36,958 
38,734 
29,630 
7,449 
29,587 
22,336  plus 


37. 

Table  No, 3  Gontinued 

No,    Composition  of  the  alloy      Modulus  of  Ultimate  Tensile 

as  found  by  analysis             Klnsticity  in      Strength  in  lb. 
 Gr  Cu  lb.  per  sq.in.      per  sq.  in.  

48.     54.92      28.42      17.12  57,000,000  33,842  (2) 

51.     57.40    41.66  48,000,000  37,200 

(1)  Showed  a  flaw  at  the  fracture. 

(2)  The  threads  were  not  straight  and  these  values  are  con- 
sidered less  reliable  than  the  others. 

The  above  specimens  have  been  tabulated  so  that  the  per  cent 
of  chromium  increases  from  the  top  to  the  bottom. 

The  following  is  given  as  typical  set  of  data  and  the  complete 
data  for  each  specimen  will  not  be  included: 

Alloy  Ho. 35. 

Diameter  0.305  in.  Cross-section,  0.07306  so.  in, 

Extensometer    Elongation  in      Load  in         Unit  Load  Remarks 


Reading's . 

.0008  in. 

Pounds 

3.00 

0. 0000 

150. 

2 , 053 

3.30 

0.30 

380. 

5,201 

3.63 

0.63 

625. 

8.554. 

3.93 

0.93 

894. 

12,236 

4.23 

1.23 

1140. 

15,603 

4.55 

1.55 

1385. 

18,956 

4.83 

1.83 

1625. 

22.241 

5.18 

2.18 

1790. 

24,500 

5.60 

2.60 

2000. 

27,374 

Ultimate 

2830. 

38.734 

Reduction  and  Elongation:-    The  per  cent  of  reduction  of  area 
was  quite  small  in  all  cases,  in  fact,  it  v/as  so  slight  that 
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measurements  with  a  miorometer  would  not  give  appreciable  decreases 
in  diameters.     The  curves  in  Figs.  8  to  1£  will  show  that  the 
elongations  were  sebII.     These  alloys  do  not  show  v/ell  defined  yield 
points  or  elastic  limits  hut  show  a  gradual  flattening  of  the  stress 
deformation  curves  until  the  ultimate  is  reached.     The  curves  are 
similar  to  those  for  cast  iron. 

Ultimate  Strength;-     The  ultimate  tensile  strength  varied 
from  7,449  to  56,265  pounds  per  square  inch  cross-section.  It 
seems  that  the  "binary  alloy  of  chromium  and  nickel  has  more  ulti- 
mate tensile  strength  than  the  ternary  alloy  in  which  10  per-  cent 
of  the  nickel  has  been  replaced  by  copper.     See  IJos.  38  and  37. 
However,  it  does  not  seem  possible  to  draw  any  very  general  con- 
clusions from  these  results  as  to  what  composition  will  have  the 
greatest  tensile  strength.     It  is  felt  that  the  remarkably  low 
ultimate  strength  for  lTo,4E  is  due  to  the  fact  that  it  contains  a 
large  amoujnt  of  chromium  (38.15  per  cent)  and  at  the  same  time  a 
large  amount  of  copper  (33.60  per  cent)  which  would  seem  to  produce 
an  unstable  condition  because  it  has  not  been  possible  to  prepare 
alloys  of  copper  and  chromium  containing  more  than  about  13  per 
cent  of  cliromium. 

Modulu-s  of  Elasticity:-     VJhile  there  are  some  irregularities 
in  the  values  obtained,  it  seems  that  the  modulus  of  elasticity 
increases  with  increase  in  chromium  content.     The  values  obtained 
may  be  said  to  vary  from  15,000,000  to  more  than  40,000,000,  or  by 
way  of  comparison,  they  ¥ary  from  one  half  to  one  and  one  half  the 

value  for  iron  and  steel. 

A  general  idea  of  the  properties  of  these  alloys  may  be  gotten 
from  the  stress-deformation  curves  which  are  given  in  Figs. 8  to  12. 
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V.    RELATIVE  ELECTROLIOTIVE  FORGES  OP  TEt:  iLLOYS  IIJ 
CONTiCT  WITH  ELECTROLYTES, 

1,  Purpose  of  LTeaSTirementa ,     The  different  alloys  and 
metals  which  were  to  he  included  in  the  corrosion  tests  seemed  to 
offer  a  good  set  of  specimens  for  use  in  an  attempt  to  establish 
some  relation  hetv;een  their  relative  electromotive  forces  and  their 
resistance  to  corrosion.    Chromium  and  nickel  are  located  on  one 
side  of  hydrogen  in  the  electromotive  series  and  copper  on  the 
other.     In  the  following  experiments  an  attempt  was  made  to  see  if 
any  relation  could  "be  found  between  the  measurements  of  the  relative 
electromotive  forces  produced  by  placing  the  alloy  in  contact  with 
an  electrolyte  and  the  relative  pov/ers  of  the  alloys  to  resist 
corrosion, 

2,  Experimental.     The  first  apparatus  used  to  measure  the 
relative  electromotive  forces  produced  by  contact  between  the 
different  alloys  and  an  electrolyte  v;as  quite  simple.     T;70  speci- 
mens were  connected  with  the  binding  posts  of  a  millivoltme ter , 
such  as  is  used  with  thermocouples,  and  the  circuit  was  completed 
by  placing  the  specimens  in  contact  with  the  electrolyte.  The 

Cf-rrent  produced  could  be  read  from  the  millivoltmeter ,  However, 

not  , 

it  was  found  that  results  could /be  duplicated.    For  example,  if 
two  alloys  were  compared  at  one  time  the  current  might  flow  in  one 
direction  and  later  vihen  it  v/as  desired  to  repeat  the  measurements 
the  current  might  flow  in  the  opposite  direction.    Even  when  the 
two  specimens  had  been  cut  from  the  same  casting  a  current  was  pro- 
duced,   ifter  working  with  different  concentrations  of  sodium 


40. 

chloride,  hydrochloric  acid,  nnd  sulfuric  acid,  and  after  nnmerous 
attempts  to  get  consistent  results  by  using  uniform  specimens  etc. 
the  method  was  abandoned. 

3.  Poggendorf  Compensation  Method.*    The  method  consisted 

*  Stahler,  i.  Handb.  d.  Arbeitsraeth.  in  der  anorg.  Ghem.  (1914) 
V.  3,  p.  885. 

in  balancing  the  current  from  two  No. 6  French  Auto  Special  Dry 
Batteries  against  the  current  from  a  calomel  electrode  and  the 
alloy  in  contact  with  four  normal  salt  solutions.     The  apparatus 
used  in  these  measurements  is  shown  in  Fig. 13.     The  resistance  in 
the  first  circuit  was  110  ohms  and  it  was  varied  in  the  second  cir- 
cuit until  the  galvanometer  showed  a  zero  deflection,    i  voltmeter, 
reading  0  to  1.5  volts,  was  so  connected  that  it  showed  directly 
the  potential  in  the  calomel  electrode-alloy  combination.     In  the 
different  series  of  measurements  all  conditions  remained  the  same 
excei^t  that  different  alloys  were  placed  in  the  salt  solution. 
Readings  were  taken  at  one  minute  intervals  for  five  minutes  and 
the  results  are  sho\7n  in  Table  110.4.     These  values  are  not  absolute 
but  they  are  relative  for  they  were  made  under  the  same  conditions 
for  all  of  the  samples.     The  following  factors  seemed  to  influence 
the  results;   (a)  The  condition  of  the  specimen  as  regards^o"  pol- 
ishing; (b)  The  depth  to  which  the  piece  was  immersed  in  the  solu- 
tion.    This  factor  was  active  until  the  piece  was  at  least  one  half 
covered  and  after  thiat  the  value  did  not  seem  to  change  even  upon 

complete  immersion.  (c)  The  time  that  the  solution  and  specimen 
were  left  in  contact  had  a  very  marked  influence  upon  the  values 
obtained,  especially  if  any  current  was  allowed  to  flow  through  the 
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system.     It  is  believed  that  the  above  effect  was  caused  by  the 
deposition  of  gases  upon  the  speciTien  or  possibly  by  gases  already 
dissolved  in  them.     fd)  Any  moving  of  the  specimen  or  solution 
caused  fluctuations  in  values. 

It  was  noticed  that  the  alloys  which  contained  high  percent- 
ages of  copper  gave  values  which  increased  with  time,  v/hile  those 
containing  high  percentages  of  nickel  gave  values  which  decreased 
with  time.     These  results  with  the  composition  of  the  alloys  are 
shovm  diagrammatically  in  Pig. 14.     Those  alloys  v^ich  showed  an 
increase  have  been  marked  with  a  plus  sign,  and  those  v/hich  sho'.ved 
a  decrease  have  been  marked  with  a  minus  sign,    illoys  Bos,  17,  18, 
and  19  seem  irregular  but  they  contained  blow  holes  and  if  there 
was  any  concentration  at  the  blow  holes  of  the  low  melting  consti- 
tuent (copper)  it  might  be  expected  that  they  would  behave  like 
the  copper-rich  alloys.    lIo.24  is  the  only  one  which  did  not  show 
a  change  in  the  five  minute  interval,  although  the  changes  shown 
by  some  of  the  others  were  very  small,    in  examination  of  the 
corrosion  tables  will  show  that  the  alloys  which  showed  little  or 
no  change  in  relative  electromotive  force  were  not  immune  to  corro- 
sion in  the  different  solutions.     Tlierefore,  it  does  not  seem  that 
resistance  to  corrosion  can  be  predicted  from  the  fact  that  the 
relative  electromotive  force  of  the  alloy  in  contact  with  an  elec- 
trolyte either  remained  constant  or  showed  little  variation. 

In  the  case  of  the  corrosions  in  normal  salt  soluti&ns  it  was 
noticed  that,  almost  without  exception,  the  alloys  which  hod  shown 
an  increase  in  the  relative  electromotive  force  were  the  ones 
which  showed  a  turbidity  of  the  corroding  solution  nnd  those  which 
had  given  decreasing  values  reniained  clear.     Similarly  in  the 
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oorrosions  in  ammonium  hydroxide  the  solutions  were  colored  n  deep 
blue  in  the  case  of  the  alloys  v/hich  had  shov/n  increases  in  the 
relative  electromotive  forces  while  the  others  remained  practically 
colorless.    However,  when  the  corrosion  specimens  were  weighed  it 
was  found  that  there  had  "been  losses  in  the  salt  solutions  v/hich 
had  remained  clear  and  in  the  ammonium  hydroxide  solutions  v:hich 
had  remained  colorless. 

From  the  results  obtained  it  is  not  felt  that  any  safe  con- 
clusions can  be  dra\7n  as  to  the  possibility  of  predicting  the 
corrodibility  of  an  alloy  from  such  a  series  of  measurements  of  the 
relative  electromotive  forces  Or  from  the  changes  in  these  values 
with  time. 


Table  Wo. 4 
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Table  of  Relative  Electromotive  Forces  of  the  Different  AII070 
in  Contact  with  4  IJomial  Gait  Solutions. 


IJo.      Relative  electromotive  force  after: 


1  min 

2  min. 

3. min. 

4  min. 

5  min. 

Change 

1. 

0.364 

2. 

0.328 

0.328 

0.334 

0.331 

0.331 

t 

.003 

3. 

0.328 

0.330 

0.331 

0.335 

0.334 

+ 

.006 

4. 

0.311 

0.316 

0.317 

0.318 

0.319 

.009 

5. 

0.314 

0.318 

0.315 

0.318 

0.315 

•1- 

.001 

6. 

0.309 

0.302 

0.296 

0.295 

0.293 

.016 

7. 

0.313 

0.315 

0.315 

0.318 

0.318 

.005 

8. 

0.305 

0.300 

0.300 

0.297 

0.296 

.009 

9. 

0.295 

0.  295 

0.290 

0.  280 

0.280 

.015 

10. 

0.318 

0.309 

0.300 

0.294 

0.289 

.029 

11. 

0.294 

0.294 

0.290 

0.287 

0.287 

.007 

12. 

0.338 

0.341 

0.345 

0.346 

0.348 

•1- 

.010 

13. 

0.345 

0.343 

0.348 

0.348 

0.350 

.005 

14. 

0.340 

0.341 

0.341 

0.339 

0.359 

.001 

15. 

0,348 

0.345 

0.344 

0.342 

0.  341 

.007 

16. 

0.342 

0.336 

0.533 

0.332 

0.350 

.012 

17. 

0.310 

0.309 

0.306 

0.306 

0.304 

.006 

18. 

0.307 

0.304 

0.303 

0.303 

0.305 

.004 

19. 

0.306 

0.312 

0.315 

0.316 

0.518 

■f 

.012 

20. 

0.531 

0.325 

0.315 

0.309 

0.500 

.031 

21. 

0.294 

0.282 

0.279 

0.276 

0.275 

.019 

22. 

0.357 

0.360 

0.363 

0.363 

0.363 

■» 

.006 

23. 

0.345 

0.347 

0.348 

0.349 

0.349 

•t 

.004 

24. 

0.307 

0.306 

0.307 

0.307 

0.307 

f 

.000 

25. 

0.315 

0.319 

0.322 

0.524 

0.325 

t 

.010 

Remarks 


Increasing 


pure  nickel 


Table  No. 4  continued 
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IIo.      Relative  electromotive  force  after: 

 1  rain.     2  min.     3  min.     4  min.     5  mln.     Change  Remarl<-s 


26. 

0.336 

0.339 

0.339 

0.339 

0.339 

.003 

27. 

0.330 

0.326 

0 .  320 

0.320 

0.320 

- 

.010 

28. 

0.355 

0.344 

0.339 

0.332 

0.330 

- 

.025 

29. 

0.360 

0.349 

0.341 

0.338 

0.332 

- 

.028 

30. 

0.325 

0.320 

0.329 

0.331 

0.324 

- 

.001 

31. 

0.339 

0.340 

0.345 

0.346 

0.349 

.010 

32. 

0.330 

0.337 

0.339 

0.340 

0.341 

+ 

.011 

33. 

0.341 

0.347 

0.346 

0.346 

0.346 

t 

.005 

34. 

0.340 

0.339 

0.339 

0.338 

0.338 

- 

.002 

35. 

0.333 

0.333 

0.334 

0.334 

0.334 

t 

.001 

36. 

0.334 

0.330 

0.329 

0.320 

0.320 

- 

.014 

37. 

0.332 

0.330 

0.320 

0.319 

0.315 

- 

.017 

38. 

0.316 

0.310 

0.305 

0.300 

0.296 

- 

.020 

39. 

40. 

0.342 

0.346 

0.352 

0.355 

0.355 

t 

.013 

41. 

0.350 

0.351 

0.352 

0.355 

0.355 

■» 

.005 

42. 

0.331 

0.335 

0.339 

0.339 

0.339 

+ 

.008 

43. 

0.366 

0.365 



0.360 

0.346 

— 

.020 

44. 

0.314 

0.300 

0.290 

0.286 

0.286 

- 

.028 

45. 

0.322 

0.315 

0.309 

0.302 

0.300 

- 

.022 

46. 

47. 

48. 

0.338 

0.345 

0.349 

0.351 

0.350 

.012 

49. 

0.345 

0.347 

0.349 

0.349 

0.349 

+ 

.004 

50. 

0.298 

0.299 

0.298 

0.295 

0.295 

.003 

51. 

0.468 

0.473 

0.476 

0.480 

0.480 

.012 

ITot  prepared 


ITot  prepared 
Hot  prepared 


The  other  specimens  have  either  not  "been  prepared  or  have  not  "been 
tested. 
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VII.     COEEOSION  TESTS. 

1,  Reason  for  Tests.     In  order  to  determine  the  power  of 
the  different  alloys  to  resist  corrosion  over  three  hundred  tests 
have  "been  made.     It  was  hoped  that  such  a  series  of  tests  would 
show  that  some  of  these  alloys  were  highly  resistant  to  corrosion 
and  were  suited  for  industrial  purposes  requiring  those  properties. 

2,  Materials .     The  corroding  reagents  used  were  normal 
solutions  of  salt,  hydrochloric  acid,  sulfuric  acid,  nitric  acid, 
sodium  hydroxide,  ammonium  hydroxide  and  fatty  acids.     The  normal 
solutions  had  heen  carefully  standardized  and  were  knovm  to  be 
reasonably  accurate.     The  fatty  acids  were  secured  from  S\7ift  &;  Co. 
of  Chisago,  and  v;ere  listed  as  double  distilled,    in  analysis 
showed  that  they  had    a  mean  molecular  weight  of  27^,  an  iodine 
value  of  7E  and  consisted  of  a  mixture  of  fatty  acids.     The  speci- 
mens used  in  the  tests  were  usually  about  5  mm.  thick  and  about 

15  to  20  mm.  in  diameter.     They  were  ground  and  then  polished  about 
as  smooth  as  was  possible  with  lIo.OOO  Hubert  Tmery  paper.  The 
three  metals  were  included  in  the  tests  v;ith  the  alloys.     In  all 
50  different  samples  were  tested. 

3,  Methods .     There  does  not  seem  to  be  any  well  establish- 
ed method  for  making  corrosion  tests  and  different  investigators 
have  used  a  variety  of  methods.    For  the  work  in  hand,  the  scheme, 
v.'hich  has  been  used  has  been  pretty  satisfactory  and  it  will  be 
described  somewhat  in  detail. 

Solutions:-     In  the  case  oi  the  normal  solutions  m.entioned 
above,  400  co.  were  used  for    ach  test.     ITo  attempt  was  made  to 
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remove  any  dissolved  gases,  such  as  onrbon  dioxide.     The  solutions 
\Tere  contained  in  "beakers  of  such  size  that  they  were  filled  almost 
to  the  top.     Of  course  the  soliitions  changed  slightly  in  concentra- 
tion because  of  evaporation  and  of  corrosion  of  the  specimens,  but 
that  could  not  be  avoided.    By  covering  the  beakers  with  watch 
glasses  the  loss  by  evaporation  v;as  made  small.     '.Vith  such  a  large 
volume  of  solution  the  change  in  concentration  was  not  very  im- 
portant in  most  cases.     If  it  was  observed  that  a  specimen  v/as  dis- 
solving very  rapidly,  it  v;as  removed  and  from  the  amount  which  had 
been  corroded  a  calculation  was  made  to  find  how  much  would  have 
corroded  in  one  week.     One  hundred  grams  of  the  fatty  acids  were 
taken  for  each  of  the  tests  that  were  made  at  105^3,  and  £00  grams 
were  taken  for  those  tests which  were  made  at  85°C. 

Suspending  the  Specimens;-    Cotton  thread  was  used  to  suspend 
the  specimens  in  the  alkaline  solutions  and  wool  thread  was  used 
in  the  acid  solutions.     The  specimens  were  completely  immersed  in 
the  liquid  so  that  no  part  was  in  contact  with  the  air.     In  some 
cases  there  was  a  tendency  for  the  solutions  to  creep  out  of  the 
beakers  by  way  of  the  threads  but  that  could  be  prevented  by  putting 
a  little  paraffin  on  the  thread. 

Temperature:-     The  corrosion  tests  were  made  at  the  temperature 
of  the  laboratory.     In  order  to  be  able  to  approximate  the  mean 
temperature  a  maximum  and  minimujn  thermometer  was  kept  on  the  desk 
where  the  tests  were  being  made  and  it  was  read  from  time  to  time. 
A  calculation  showed  that  the  mean  temperature  for  the  whole  period 
of  time  was  20°G.     Therefore,  unless  otherwise  stated,  it  may  be 
assumed  that  all  of  the  tests  were  made  at  that  temperature. 
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Time;-     It  was  intended  to  leave  the  specimens  in  the  sol-u- 
tions  for  one  week  "but  in  some  cases  it  was  necessary  to  remove 
them  before  the  expiration  of  that  period.     The  time  that  the 
specimens  were  actually  in  the  solution  has  been  shown  in  the 
different  tables. 

Calculations: -     The  amount  of  surface  exposed  to  corrosion 
v;as  determined  by  measuring  the  thiclmess  and  the  diameter  of  the 
piece  to  the  nearest  0.1  mm.  and  then  calculating  the  total  sur- 
face.   Unless  there  V7as  Imown  to  have  been  a  big  loss  in  corrosion 
the  surface    was    not  recalculated  when  the  piece  was  used  for  a 
second  test.     The  results  have  been  calculated  to  loss  in  weight 
per  week  per  sq.uare  inch  of  surface  e3q)0sed  and  have  been  expressed 
in  milligrams.     The  loss  per  square  centimeter  has  also  been  given 
in  the  tabulations. 

Accuracy  of  the  Method:-     The  accuracy  of  the  method  has  not 
been  all  that  might  have  been  desired.     The  specimens  were  weighed 
before  and  after  the  tests  and  the  loss  in  weight  was  taken  as  the 
loss  due  to  corrosion.     In  a  few  cases  a  gain  in  weight  was  observ- 
ed.    It  was  hard  to  get  all  of  the  salts  etc.  out  of  some  of  the 
porous  pieces,  but  by  boiling  in  distilled  water  and  drying  at 
100°C.  most  of  that  trouble  was  avoided.    While  some  of  the  results 
show  irregularities  and  possibly  could  not  be  duplicated,  as  a 
whole  they  may  be  considered  reasonably  accurate  and  reliable. 

4.  Results.     The  results  of  the  corrosion  tests  in  normal 
salt  solution  are  shown  in  Table  Ho. 5.     They  are  also  shown  in 
Fig. 15.     In  that  diagram  the  loss  in  weight  in  milligrams  per 
square  inch  per  week  is  shovm  above  the  circle  which  represents  the 
composition  of  the  alloy  as  has  been  explained  in  Chapter  V.  It 
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is  evident  that  the  alloys  near  the  copper  corner  of  the  triangle 
showed  the  largest  losses. 

Hydrochloric  Acid;-     The  results  from  these  tests  are  shov/n 
in  Table  No. 6  and  in  Fig.  16.     It  will  he  seen  that  all  of  the 
metals  showed  considerable  corrosion  in  hydrochloric  acid,  and  that 
chromiTim  was  especially  soluble  in  this  acid.     However,  there  is  a 
fairly  well  defined  area  in  the  triangle  over  which  the  corrosion 
was  small. 

Sulfuric  Acid;-     The  data  obtained  from  the  corrosion  tests 
in  normal  sulfuric  acid  are  shown  in  Table  No. 7  and  in  Fig. 17.  The 
results  do  not  seem  to  require  any  special  explanation. 

Nitric  Acid:-     Table  No. 8  and  Fig. 18  show  the  results  of  the 
corrosion  tests  in  normal  nitric  acid.    Nickel  is  especially 
soluble  in  nitric  acid.     In  the  chromium-nickel  alloys  there  is  a 
gradual  decrease  in  the  loss  by  corrosion  as  the  per  cent  of 
chromium  increases  with  an  abrupt  drop  at  No, 45.     There  is  also  a 
change  in  the  microscopic  structure  of  the  alloys  in  the  same 
region.     Seemicrophotographs  Nos.ll,  21,  30,  38,  and  45.  Attention 
should  be  called  to  the  fact  that  the  area  of  lov/est  loss  in 
corrosion  is  farther  away  from  the  nickel  corner  of  the  triangle 
this  time. 

Sodium  Hydroxide;-     Table  No. 9  and  Fig. 19  show  the  results  ob- 
tained by  the  corrosion  tests  in  normal  sodium  hydroxide.  Copper 
and  nickel  show  appreciable  losses  while  chromium  is  little  attack- 
ed.    In  general  the  losses  for  the  alloys  are  small, 

immonium  Hydroxide;-     The  alloys  which  best  resist  corrosion 
by  ammonia  are  near  the  nickel  corner  of  the  triangle  and  on  the 
chromium-nickel  side.     The  results  are  shown  in  Fig. 20  and  in 
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Table  No.  10.     The  oopper-chromiura  anrl  the  oopper-rich  alloys  seem 
to  show  a  selective  corrosion  in  ainmonium  hydroxide,  i.e.,  the 
copper  is  removed  and  the  chromium  is  left  to  some  extent.  That 
suggests  that  good  results  might  he  obtained  by  using  ammonia  as 
an  etching  reagent  in  the  preparation  of  specimens  for  microscopic 
examination. 

Fatty  Acids;-     Only  24  specimens  were  corroded  in  the  fatty 
acids.     Twelve  of  the  tests  were  made  at  105°C.  by  heating  in  an 
electric  oven.     The  other  tests  were  made  at  approximately  85°C. 
by  heating  on  a  water  bath.     The  results  are  sho\m  in  Table  Wo. 11 
and  in  Fig. 21.     The  greatest  losses  are  near  the  copper  corner  of 
the  triangle.     This  suggests  that  instead  of  using  a  copper  con- 
tainer for  fatty  acids  it  might  be  advisable  to  use  an  alloy  of 
copper  and  nickel  or  possibly  one  containing  copper  and  nickel  with 
a  little  chromium. 

Comparison  of  Corrosions;-     Table  No. 12  shows  the  relative 
corrosicms  in  the  different  reagents  ?;hich  have  been  used».  The 
values  are  losses  in  weight  in  milligrams  per  square  inch  per  week. 

5.  Conclusions .     The  corrosion  tests  show  that  the  amount 
of  loss  in  the  different  reagents  is  not  proportional  to  the 
strengths  of  the  different  acids  or  bases. 

So  far,  it  has  not  been  possible  to  show  any  definite  relation 
between  the  relative  electromotive  forces  and  corrosion  losses. 

In  all  cases  there  are  certain  fairly  well  defined  ranges  of 
composition  as  shown  in  the  diagrams  in  which  the  alloys  are  highly 
resistant  to  corrosion. 

Generally  the  ternary  alloys  ore  less  corroded  than  the  binary, 
but  there  are  some  exceptions  to  this. 
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CORROSION  III 

HOFIIAL 

SAIT  SOLUTIOII. 

llo. 

Y/t.  be- 
fore 

u\ . al- 
ter 

Loss 
in  wt. 
in  mg. 

Surface  in 
sq.in.  sq.cm. 

Tine 
soln. 

in 
hrs . 

Loss 
in  mg 
sq.  in 

in  wt. 
.  per  wk. 
.  sq.cm. 

1. 

5.1547 

O. ±014 

0.65 

4.18 

168. 

5.08 

0.79 

2. 

8.5714 

o . 5671 

4.3 

1.03 

6.  67 

168. 

4.18 

0.65 

3. 

5.6853 

O.  oo4^ 

1.1 

0.68 

4.41 

168. 

1.6 

0.25 

4. 

4.5686 

4 • 05  / 5 

l.U 

0.61 

3.95 

168. 

1.65 

0.26 

5. 

4.5302 

/      K  O  Q  >7 

1.  D 

0.64 

4.12 

168. 

2.35 

0.36 

6. 

4.6183 

4. 515o 

1.5 

0.63 

4.04 

168. 

2.37 

0.37 

7. 

16.9689 

15 . y56^ 

2.6 

1.52 

9.83 

168. 

1.71 

0.26 

8. 

9.7666 

y .  /5o5 

1.0 

1.28 

8.29 

168. 

0.78 

0.12 

9. 

13.5484 

lo. 04oy 

£^  .  O 

1.46 

9.44 

168. 

1.71 

0.26 

10. 

10.1372 

lU . lOOO 

1.4 

1.24 

7.98 

168. 

1.13 

0.18 

11. 

10.6012 

lU . 5U^4 

1.38 

8.93 

168. 

Hone. 

12. 

11.8904 

11. OOO  f 

5.7 

1.33 

8.58 

191. 

4.33 

0.66 

13. 

13.2485 

16, 2445 

3.9 

1.35 

8.69 

191. 

2.55 

0.39 

14. 

10.0771 

lU . U /45 

<d.O 

1.16 

7.47 

191. 

1.89 

0.30 

15. 

8.4520 

O  .  40Uii 

1.  O 

1.03 

6.66 

191. 

1.53 

0.24 

16. 

7.4060 

/  »4U0<i 

U  ♦  o 

1.07 

6.94 

191. 

0.66 

0.10 

17. 

12.9137 

Ic . V  Lev 

U  .  o 

1.32 

8.51 

191, 

0.53 

0.08 

3-8. 

10.6095 

lU • 5UOO 

1.0 

1.24 

7.98 

191. 

0.71 

0.11 

19. 

14.3528 

14. 0017 

1.1 

1.54 

9.92 

191. 

0.63 

0.10 

20. 

10.7067 

lu . luoy 

U .  o 

1.18 

7.61 

191. 

0.60 

0.09 

21. 

13.2892 

13.2893 

Hone 

1  An 
1.47 

9 .43 

191. 

IJone 

Hone 

22. 

9.1199 

9.1150 

4.9 

1.07 

6.91 

192. 

4.00 

0.62 

23. 

9.1808 

9.1765 

4.3 

1.03 

6.67 

192.. 

3.65 

0.56 

24. 

10.6582 

10.6571f?)l.l 

1.26 

8.10 

192. 

0.76 

0.12 

25. 

11.1721 

11.1692 

2.9 

1.23 

7.92 

192. 

2.13 

0.32 

Table  llo 
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IIo. 

Wt. be- 
fore 

Wt . af- 
ter 

loss 
in  wt. 
in  ng. 

Surface 
sq. in. 

in 
sq.cm. 

Time  in 
soln.  hrs. 

Loss 
in  mg. 
sq. in. 

in  wt. 
per  wk. 
sq. cm. 

26. 

13.1720 

13.1705 

1.5 

1.39 

8.95 

192. 

0.94 

0.15 

27. 

9.7582 

9.7570 

1.2 

1.08 

7.00 

219. 

0.85 

0.13 

28. 

9.8229 

9.8224 

0.5 

1.17 

7.56 

192. 

0.37 

0.06 

29. 

8.0976 

9.0970 

0.6 

1.03 

6.65 

192. 

0.51 

0.08 

30. 

Too  many  blow-holes. 

31. 

11.2364 

11.2304 

6.0 

1.16 

7.46 

188. 

4.60 

0.72 

32. 

12.2487 

12.2436 

5.1 

1.38 

8.92 

188-. 

3.30 

0.51 

33. 

9.7614 

9.7576 

3.8 

1.29 

8.33 

188. 

2.62 

0.40 

34. 

11.6283 

11.6262 

2.1 

1.37 

8.82 

188. 

1.37 

0.21 

35. 

8.9200 

8.9186 

1.4 

1.18 

7.62 

188. 

1.05 

0.16 

36. 

9.6506 

9.6501 

0.5 

1.20 

7.73 

188. 

0.37 

0.06 

37. 

10.8906 

10.8910 

Gain 

1.31 

8.43 

188. 

Hone 

Hone 

38. 

9.2708 

9.2703 

0.5 

1.18 

7.62 

188. 

0.37 

0.06 

39. 

Hot  prepared. 

40. 

13.8038 

13.7982 

5.6 

1.45 

9.33 

219. 

2.95 

0.46 

41. 

11.5522 

11.5489 

3.3 

1.37 

8.83 

219. 

1.84 

0.29 

42. 

10.2162 

10.2135 

2.7 

1.28 

8.23 

219. 

1.67 

0.25 

43. 

11.5757 

11.5735 

2.2 

1.35 

8.70 

219. 

1.25 

0.19 

44. 

11.8330 

11.8322 

0.8 

1.37 

8.81 

219. 

0.45 

0.07 

45. 

10.5548 

10.5542 

0.6 

1.16 

7.48 

219. 

0.40 

0.06 

46. 

Uot  prepared. 

47. 

Uot  prepared. 

48. 

10.7737 

10.7696 

4.1 

1.29 

8.32 

219. 

2.45 

0.38 

49. 

9 . 2240 

9.2228 

1.2 

1.21 

7.81 

192. 

0.87 

0.13 

50. 

12.6623 

12.6618 

0.5 

1.37 

8.85 

168. 

0.37 

0.06 

51. 

12.4773 

12.4768 

0.5 

1.42 

9.19 

219. 

0.27 

0.04 

Table  Uo.5  continued  • 

No.    r/t.be-    Wt.af-    Loss      Surface  in         Time  in       Loss  in  wt. 

fore        ter        in  wt.     sq.in.  sq.cm.  soln.  hrs.  in  mg.  per  wk. 


in  og. 

sq. in. 

sq. cm. 

55. 

9.8019 

9.8013  0.6 

1.38 

8.89 

219. 

0.33 

0.05 

56. 

8.4790 

8.4786  0.4 

1.14 

7.33 

219. 

0.27 

0.04 

66. 

2.1721 

2.1705  1,6 

0.61 

3.95 

219. 

2.00 

0.31 

Table  IJo.6  54. 
CORROSION  IN  NORLIAL  nYDEOClILCK  IC  ACID 


ivO  . 

iih  .  De  - 
fore 

V/t.af-  Loss 
ter        in  wt. 

in  mg. 

our lac  0 
sq. in. 

in 
sq. cm. 

Time  in 
soln.  hrs. 

Loss 
in  mg. 
sq. in. 

in  wt., 

per  wk 
sq. cm. 

1. 

O . 04OO 

5.5267 

22.1 

0.  71 

4. 58 

116 . 

45.0 

7.0 

o 

c,  • 

o .  b4  O  / 

8.6315 

14.2 

1.03 

6.  67 

116. 

20.0 

3. 10 

IT     r  rj-\  ri 

5.6555 

16.2 

0.68 

4.41 

116. 

34,2 

5.29 

A 

^  • 

4.5436 

12.4 

0 .61 

3.95 

116 . 

29.4 

4.56 

4.  Ox  / O 

4.5064 

11.4 

0 . 64 

4. 12 

116 . 

26.7 

4.14 

c 

D  . 

A    AT  7Ct 
•  DX  /O 

4.5981 

9.2 

U.  6^ 

4. 04 

116 . 

01  r\ 

21. 2 

3.28 

7 

XO • 7070 

16.9032 

24.1 

y .  00 

1x6 . 

or?  r\ 

23.0 

3.57 

O 
o  . 

XX • oooo 

11.3621 

6.7 

X.OO 

0,11 

1  c 
116. 

ft  T 

7.1 

1.18 

Q 
f  • 

9.8274 

14.5 

D     0 17 

0.  27 

116 . 

16.5 

2.56 

1  n 
xu . 

T  n    T  T  Oft 

xu • xxuo 

10.0952 

15.6 

X.  <i4 

7.  98 

116. 

18.2 

2.83 

-LX  • 

T  O  n7R'7 
xu  »U 1 D  t 

9.8877 

188. 

1.32 

0     A  r\ 

8.49 

116 . 

207. 

3.20 

1  ? 

XX*  Ofr77 

11.8099 

40.0 

1.  00 

0  CO 

0.  00 

118. 

42.8 

6.63 

• 

n  a  on  OQ 
±0  •  <cxo  <^ 

13.1910 

27.2 

1.00 

8.69 

118. 

28.6 

4.44 

1  A 
x'±  » 

xu • uooo 

10.0478 

5.5 

1. 16 

7.47 

118. 

6.3 

0.97 

p  A'^A'7 

8.4322 

3.5 

1.03 

6.66 

118. 

4.8 

0.75 

XD  . 

7  'ZQQp 

7.3953 

4.5 

1.07 

6.94 

118. 

6.0 

0.93 

X  /  . 

Xc  »OVO 1 

12.8892 

4.3 

1.  32 

8. 51 

118. 

4.6 

0.72 

1  ft 
xo  • 

XU • X7 

10.5848 

7.1 

1.  24 

7.98 

118. 

8.2 

1.27 

19. 

14  '^'^91 

X*3:  •  iJijCJ  1 

14 . 3248 

7.9 

X.  04 

y .  y<c 

118. 

7.3 

1.15 

20. 

10. 7001 

10.6912 

8.9 

X  .  XO 

7  AT 

(.ox 

T  T  Q 
XXO  . 

T  r>  17 
xU  .  7 

1.66 

21, 

13.2805 

13.2604 

20.1 

1  A7 

X  .  ft  1 

T  T  0 
XXO  . 

ly  .4 

3.01 

oo 

• 

y .0073 

9.0585 

28.8 

1.07 

6.91 

118. 

38.3 

5.93 

23. 

9.1666 

9.1453 

21.3 

1.03 

6.67 

118. 

29.5 

4.57 

24. 

9.1816 

9.1504 

31.2 

1.09 

7.03 

144. 

33.3 

5.17 

25. 

11.1641 

11.1570 

7.1 

1.23 

7.92 

118. 

8.2 

1.27 

I 


Table  Ho. 6  continued  55^ 

Uo.    Wt.te-    V/t.af-    L0S3      Surface  in         Tine  in       Loss  in  wt. 

fore        ter        in  wt.     sq.in.  sq.cm.  soln.  hrs.   in  mg.  per  wk. 


in  mg. 

3q. in. 

sq.  cm 

26. 

13  ♦  16  54 

13.1594 

6.0 

1.39 

8.95 

118. 

6.2 

0.96 

27. 

9. 7469 

9.7553 

11.6 

1.08 

7.00 

96. 

18.8 

2.90 

28. 

9,8176 

9.8140 

3.6 

1.17 

7.56 

118. 

4.4 

0.68 

29 . 

8.0894 

8.0850 

4.4 

1.03 

6.65 

118. 

6.1 

0.94 

30. 

Too  many 

holes. 

31. 

11.2031 

11.1828 

20.3 

1.16 

7.46 

97. 

30.3 

4.69 

32. 

12. 2174 

12.2093 

8.1 

1.38 

8.92 

97. 

10.8 

1.67 

33. 

9,7497 

9.7460 

3.7 

1.29 

8.33 

97. 

5.0 

0.77 

34. 

11.6190 

11.6138 

5.2 

1.37 

8.82 

97. 

6.6 

1.02 

35. 

8.9073 

8.8989 

8.4 

1.18 

7.62 

97. 

12.3 

1.91 

36. 

9.6441 

9.6361 

8.0 

1.20 

7.73 

97. 

11.6 

1.79 

37. 

10.8887 

10.8842 

4.5 

1.31 

8.43 

97. 

5.9 

0.92 

38. 

9.2655 

9.2600 

5.5 

1.18 

7.62 

97. 

8.1 

1.25 

39. 

Wot  prepared. 

40. 

13.7  719 

13.7593 

12.6 

1.45 

9.33 

96. 

15.2 

2.36 

41. 

11.5283 

11.5224 

5.9 

1.37 

8.83 

96. 

7.5 

1.17 

42. 

10.1994 

10.1910 

8.4 

1.  28 

8.23 

96. 

11.5 

1.78 

43. 

11.5628 

11.5474 

14.4 

1.35 

8.70 

96. 

18.6 

2.88 

A  A 

44. 

11.8304 

11.8226 

7.8 

1.37 

8.81 

96. 

10.0 

1.55 

45. 

10.5517 

10.5377 

14.0 

1.16 

7.48 

96. 

21.2 

3.27 

A  C 
4:5  . 

Hot  prepared. 

47  , 

IJot  prepared. 

48. 

10.7507 

10.7398 

11.9 

1.29 

8.32 

96. 

16.2 

2.83 

49. 

9.2160 

9.1910 

8.1 

1.21 

7.81 

118. 

9.5 

1.48 

50. 

10.4497 

10.4352 

14.3 

1.28 

8.23 

96. 

19.5 

3.03 

51. 

12.4763 

12.4458 

25.3 

1.42 

9.19 

96. 

31.2 

4.84 

Table  LIo.6  continued  56. 

Ko.    V;t.bG-    Wt.af-    Loss      Surface  in         Time  in       Loss  in  wt. 

fore        ter        in  wt.     sq.in.  sq.cn.  soln.  hrs.  in  rag.  per  wk. 
 in  mg.  sq.in.  sq.cm. 

55.  9.7962       9.7868     9.4       1.58       8.89        96.  11.9  1.84 

56.  8.4771      8.4553  21.8       1.14       7.33        96.  32.2  5.0 
66.       2.1699      0.9370  1232.9  0.61      3.95        20.       16976.4  2631.34 
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Table  IIo. 

7 

57. 

IIo. 

V/t.be- 

1  or  e 

V/t.af-    Loss      Surface  in 
ter        in  wt.   sq.in.  sq.cm. 
in  mg. 

Time 
soln. 

in 
hr  3 . 

Loss 
in  mg. 
sq. in. 

in  wt. 
per  wk. 
sq.cm. 

1. 

5.5781 

5.5525 

25.6 

0.71 

4.58 

168. 

31.0 

5.60 

2. 

8.G659 

8.6457 

20.2 

1.03 

6.67 

168. 

19.5 

3.02 

3. 

5.6842 

5.6717 

12.5 

0.68 

4.41 

168. 

18.4 

2.83 

4. 

4.5676 

4.5560 

11.6 

0.61 

3.95 

168. 

19.0 

2.93 

5. 

4.5287 

4.5178 

10.9 

0.64 

4.12 

168. 

17.0 

2.64 

6. 

4.6168 

4.6073 

9.5 

0.63 

4.04 

168. 

15.1 

2.35 

7. 

16.9665 

16.9398 

26.5 

1.52 

9.83 

168. 

17.4 

2.68 

8. 

11.3951 

11.3688 

26.3 

1.36 

8.77 

168. 

19.3 

2.98 

9. 

9.8569 

9.8419 

15.0 

1.28 

8.27 

16  8. 

11.7 

1.84 

10. 

10.1312 

10.1108 

20.4 

1.24 

7.98 

168. 

16.4 

2.54 

11. 

10.1014 

10.0757 

25.7 

1.32 

8.49 

168. 

19.4 

3.02 

12. 

11.8726 

11.8499 

22.7 

1.33 

8.58 

168. 

17.2 

2.64 

13. 

13.2383 

13.2182 

20.1 

1.35 

8.69 

168. 

14.9 

2.31 

14. 

10.0671 

10.0533 

13.8 

1.16 

7.47 

168. 

11.9 

1.85 

15. 

8.4502 

8.4357 

14.5 

1.03 

6.66 

168. 

14.0 

2.17 

16. 

7.4052 

7.3998 

5.4 

1.07 

6.94 

168. 

5.1 

0.78 

17. 

12.9125 

12.8936 

8.9 

1.32 

8.51 

168. 

6.7 

1.05 

18. 

10.6085 

10.5919 

6.6 

1.24 

7.98 

168. 

5.3 

0.83 

19. 

14.3517 

14.3327 

19.0? 

1.54 

9.92 

168. 

12.3 

1.91 

20. 

10.7059 

10.7001 

5.8 

1.18 

7.61 

168. 

4.9 

0.78 

21. 

13.2893 

13.2805 

8.8 

1.47 

9.43 

168. 

6.0 

0.93 

22. 

9.1025 

9.0873 

15.2 

1.07 

6.91 

168. 

14.2 

2.20 

23. 

10.9076 

10. 8867 

19.1 

1.32 

8.  52 

168. 

14.5 

2.25 

24. 

10.6571 

10.6457 

11.4 

1.26 

8.10 

168. 

9.0 

1.41 

25. 

11.1692 

11.1641 

5.1 

1.23 

7.92 

168. 

4.1 

0.64 

26. 

13.1705 

13.1654 

5.1 

1.39 

8.95 

168. 

3.7 

0.51 

Table  No.  7  continued 
IIo.    Wt.be-    V/t.af-    Loss      Surface  in       Time  in       Loss  in  wt. 


fore 

te  r  in 
in 

wt . 
mg. 

sq. in. 

sq. cm. 

soln.  hrs. 

in  mg. 
sq. in. 

per 
sq.c 

27. 

9.7570 

9.7469 

10.1 

1.08 

7.00 

168. 

9.4 

1.44 

28. 

9.8224 

9.8176 

4.8 

1.17 

7.56 

168. 

4.1 

0.64 

29. 

8.0970 

8.0894 

7.6 

1.03 

6.65 

168. 

7.4 

1.24 

30. 

Too  many 

holes. 

31. 

11.2031 

19.1 

1.16 

7.46 

168. 

16.4 

2.56 

32. 

12. 2389 

12.2174 

21.5 

1.38 

8.92 

168. 

15.6 

2.42 

33. 

9.7576 

9.7497 

7.9 

1.29 

8.33 

168. 

6.1 

0.95 

34. 

11.6262 

11.6190 

7.2 

1.37 

8.82 

168. 

5.3 

0.82 

35. 

8.9186 

8.9073 

11.3 

1.18 

7.62 

168. 

9,6 

1.48 

36. 

9,6501 

9.6441 

6.1 

1.20 

7.73 

168. 

5.1 

0.79 

37. 

10.8910 

10.8887 

2.3 

1.31 

8.43 

168. 

1.8 

0.27 

38. 

9.2703 

9.2655 

4.8 

1.18 

7.62 

168. 

4.1 

0.63 

39. 

Not  prepared. 

40. 

13.7920 

13.7719 

20.1 

1.45 

9.33 

168. 

14.9 

2.15 

41. 

11.5453 

11.5283 

17.0 

1.37 

8.83 

168. 

12.4 

1.92 

42. 

10.2135 

10.1994 

14.1 

1.28 

8.23 

168. 

11,0 

1.74 

43. 

11.5735 

11.5628 

10.7 

1.35 

8.  70 

168. 

8.0 

1.23 

44. 

11.8322 

11.8304 

1.8 

1.37 

8.81 

168. 

1,3 

0.20 

45. 

10.5542 

10.5517 

2.5 

1.16 

7.48 

168. 

2,2 

0.36 

46. 

Not  prepared. 

• 

47. 

Hot  prepared. 

48. 

10.7677 

10.7507 

17.0 

1.29 

8.32 

168. 

13.2 

2.04 

49. 

9.2228 

9.2160 

6.8 

1.21 

7.81 

168. 

5.6 

0.87 

50. 

10.4583 

10.4497 

8.6 

1.28 

8.23 

168. 

6.4 

1.04 

51. 

12.4768 

12.4763 

0.5 

1.42 

9.19 

168. 

0.35 

0.05 

55. 

9.8013 

9.7962 

5.1 

1.38 

8.89 

168. 

3.7 

0.57 

TABLIi  110.  7  continued  59. 

Uo.    V/t.be-    V/t.af-    Loss      Surface  in       Timo  in       Loss  in  vrfc. 

fore        tor        in  wt.  sq.in.  sq.om.  soln.  hrs.  in  mg.  per  wk. 
 in  mg.  sq.in.  aq.cm. 

56.       8.4786       8.4771     1.5      1.14       7.33      168.  1.3  0.20 

66.       2.1705      2.1699    0.6      0.61      3.95      168.  1.0  0.15 
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Table  No. 8 

60. 

CORPOSIOU  IIJ 

NORLIAL 

II I  TRIG 

ACID. 

Wt. be- 
fore 

Wt.af-  Loss 
ter        in  wt.  s 
in  ing. 

Surface  in 
q.in.  sq.cm. 

Time  in 
soln.  hra 

Loss 
.  in  UQ. 
sq. in. 

in  v/t . 
per  w!k . 
sq. cm. 

1. 

5.5125 

5.4945 

18.0 

0.71 

4.58 

138. 

30.8 

4.78 

2. 

8.6232 

8.5882 

35.0 

1.03 

6.67 

138. 

41.4 

6.42 

3. 

5.6478 

5.6323 

15.5 

0.68 

4.41 

138. 

27.7 

4.30 

4. 

4.5331 

4.5205 

12.6 

0.61 

3.95 

138. 

25.1 

3.88 

5. 

4.5007 

4.4898 

10.9 

0.64 

4.12 

138. 

21.4 

3.33 

6. 

4.5918 

4.5859 

5.9 

0.63 

4.04 

138. 

11.4 

1.77 

7. 

16.9032 

16.8890 

14.2 

1.52 

9.83 

138. 

11.4 

1.77 

8. 

11.3342 

11.3092 

25.0 

1.36 

8.77 

138. 

22.4 

3.47 

9. 

9.8259 

9.8086 

14.5 

1.28 

8.27 

138. 

14.8 

2.13 

10. 

10.0842 

10.0724 

11.8 

1.24 

7.98 

138. 

11.6 

1.80 

11. 

9.8700 

9.4410 

429.0 

1.32 

8.49 

24. 

2270. 

352.0 

12. 

11.7920 

11.7783 

13.7 

1.33 

8.58 

137. 

12.6 

1.98 

13. 

13.1763 

13.1647 

11.6 

1.35 

8.69 

137. 

10.4 

1.62 

14. 

10.0412 

10.0310 

10.2 

1.16 

7.47 

137. 

10.8 

1.67 

15. 

8.4206 

8.4123 

8.3 

1.03 

6.66 

137. 

9.9 

1.53 

16. 

7.3881 

7.3807 

7.4 

1.07 

6.94 

137. 

8.5 

1.32 

17. 

12.8800 

12.8684 

11.6 

1.32 

8.51 

137. 

10.8 

1.67 

18. 

10.5626 

10.5474 

15.2 

1.24 

7.98 

137. 

15.1 

2.33 

19. 

14.3148 

14.2931 

21.7 

1.54 

9.92 

137. 

17.2 

2.67 

20. 

10.6661 

10.6490 

17.1 

1.18 

7.61 

137. 

17.8 

2.76 

21. 

13.2433 

12.8326 

410.7 

1.47 

9.43 

48. 

980.0 

152.0 

22. 

9.0392 

9.0390 

10.2 

1.07 

6.91 

122. 

13.1 

2.03 

23. 

9.1265 

9.1151 

11.4 

1.03 

6.67 

122. 

16.3 

2.22 

24. 

10.5944 

10.5821 

12.3 

1.26 

8.10 

122. 

13.4 

2.08 

25. 

11.1470 

11.1376 

9.4 

1.23 

7.92 

122. 

10.5 

1.63 

Table  No. 8  continued 

61. 

No. 

Vn't.  be- 

V/t. af- 

L03S 

Gurf  ace 

in 

Time  in 

T.O  TT 

XiL  WO. 

fore 

ter        in  wt . 

sq.in.  s 

q.  cm. 

soln.  hrs 

.      XXL    ill  f^. 

p  o  r  Wit . 

in  Tap;, 

sq. in. 

sq. cm. 

26. 

13.1489 

1  ^    1  AT  9 

1 » 1 

1.  39 

O      rt  c 

8.95 

122. 

7.6 

1.18 

27. 

9.7288 

Q  K/OOO 

6 . 5 

1.  08 

rf     rt  rt 

7.00 

168. 

6.2 

0.95 

28. 

9.8098 

±o .  U 

1.  17 

7. 56 

122. 

17.7 

2.74 

29, 

8,0788 

o .  (JbOO 

13.  3 

1.03 

6.65 

122. 

18.1 

2.80 

30. 

Too  many 

holes . 

31. 

11.1653 

11.0955 

69.8 

1.16 

7.46 

168. 

60.3 

9.35 

32. 

12.1926 

12. 1777 

14.9 

1.38 

8.92 

168. 

10.8 

1.67 

33. 

9.7367 

9 . 7 

1.  29 

8.33 

168. 

7.5 

1.16 

34. 

11.6059 

11. 5994 

/•  r" 

6 . 5 

1. 37 

8.82 

168. 

4.8 

0.74 

35. 

8.8904 

o    Ct  c  A  n 

o . oo47 

c  n 

5.7 

1. 18 

7.62 

168. 

4.8 

0.74 

36. 

9.6290 

9.6241 

5.9 

1.  20 

7.  73 

168. 

4.9 

0.76 

37. 

10.8796 

10.8738 

o 

O  .  O 

1. 31 

8.43 

168. 

4.9 

0.76 

38. 

9.2554 

9.0129 

O/  O  K 

1. 18 

7. 62 

70. 

492.0 

76.0 

39. 

Hot  prepared. 

40. 

13.7427 

13.7295 

1.3.  2 

1.45 

9.33 

168. 

9.2 

1.43 

41. 

11.5077 

11.4963 

11.4 

1. 37 

rt  rt 

8.83 

168. 

8.3 

1.29 

42. 

10.1818 

10.1725 

9 . 3 

1.  28 

8.  23 

168. 

7.3 

1,13 

43. 

11.5401 

11.5341 

6.0 

1.35 

8.70 

168. 

4.4 

0.69 

44. 

11.8160 

11.8146 

1.4 

1.37 

8.81 

168. 

1.02 

0.16 

45. 

10.5332 

10.5325 

0.7 

1. 16 

7.48 

168, 

0.60 

0.09 

46. 

Uot  prepared. 

47. 

IJot  prepared. 

48. 

10.7279 

10.7154 

lid  .  0 

1.  29 

8.32 

168. 

9.7 

1.50 

49. 

9.1910 

9.1854 

5.6 

1. 21 

7,81 

122. 

6.4 

0.99 

50. 

10.4293 

10.4198 

9.5 

1.E8 

8.  23 

168. 

7.4 

1.15 

51. 

12,4458 

12.4458 

0.0 

1.42 

9.19 

168. 

0.0 

0.00 

55. 

9.7665 

9.7559 

10.6 

1.38 

8.89 

168. 

7.7 

1.19 

Table  No. 8  continued  6E. 

llo.    Wt.be-    Wt.af-    Loss      Surface  in       Time  in       Loos  in  v/t. 

fore        ter        in  v/t.  sq.in.  sq.cm.  soln.  hrs.  in  mg.  per  wk. 
 in  mg.  oq.ln.  so.ca. 

56.       8.4517      8.4513    0.4      1.14      7.33      168.  0.35  0.05 

66.       2.0776      2,0774    0.2      0.57      3.66      168.  0,35  0.05 


Table  No. 9 

63. 

CORROSION  IIJ 

NORJ-IA-L 

SODIUM 

HYDROXIDE 

Wf  ho- 

f  0  re 

V/t.af-    Loo 3      Surface  in 
ter        in  wt.  sq.in.  sq.cm. 
in  mg. 

1  ime 
soln. 

in 
hrs . 

Loss 
in  mg. 
sq. in. 

in  wt. 
per  wk. 
sq. cm. 

1. 

5.4740 

10.6 

0.71 

4.58 

15.0 

2.26 

2. 

8.5720 

6.1 

1.03 

6.67 

5.9 

0.91 

3. 

5.6267 

-0.1 

0.68 

4.41 

Small 

gain. 

4. 

4. 5122 

4.5123 

-0.1 

0.61 

3.95 

1  Afl 

Small 

gain. 

5. 

4.4778 

4.4777 

0.1 

0.64 

4.12 

1  Aft 

0.16 

0.03 

6. 

4.5811 

4.5810 

0.1 

0.63 

4.04 

1  Aft 

0.16 

0.03 

7, 

16.8732 

16.8730 

0.2 

1.52 

9.83 

1  A  O 

0.13 

0.02 

8. 

11- 29^B 

11.2940 

1.5 

1.36 

8.77 

loo . 

1.1 

0.17 

9. 

9-7911 

•7  •  t  ^  JL.L 

9.7878 

3.3 

1.28 

8.27 

loo  . 

2.6 

0.40 

10. 

10.0523 

0.4 

1.24 

7.98 

loo  . 

0.32 

0.05 

11. 

9.3981 

9.3734 

24.7 

1.32 

8.49 

1  AO 

loo . 

18.7 

2.90 

12. 

11. 7690 

11.7552 

13.8 

1.33 

8.58 

T  Aft 
XOO  . 

10.4 

1.61 

13. 

13.1477 

13.1388 

8.9 

1.35 

8.69 

"1  AP 

loo . 

6.6 

1.02 

14. 

10.0186 

10.0183 

0.3 

1.16 

7.74 

T  AQ 

loo. 

0.26 

0.04 

15. 

8.4027 

0.1 

1.03 

6.66 

ICO 

16o . 

0.1 

0.02 

16. 

7. 3745 

7.3745 

0.0 

1.07 

6.94 

ICQ 
iDO  . 

0.0 

0.0 

17. 

12. 8598 

12.8598 

0.0 

1.32 

8.51 

T  C  Q 

loo . 

0.0 

0.0 

18. 

10  fvlpiS 

10.5393 

3.2 

1.24 

7.98 

168. 

2.6 

0.40 

19. 

14. 284? 

14.2800 

4.2 

1.54 

9.92 

168 . 

2.7 

0.42 

20. 

10.6393  - 

•0.2 

1.18 

7.61 

168 . 

Small 

gain. 

21. 

12   ^41 7 

12.5384 

4.0 

1.47 

9.43 

168 . 

2.7 

0.42 

22. 

9.0135 

9.0033 

10. E 

1.07 

6.91 

168. 

9.6 

1.48 

23. 

9.0979 

9.0927 

5.2 

1.03 

6.67 

168. 

5.0 

0.78 

24. 

10.5763 

10.5782 

-1.9 

1.26 

8.10 

168. 

Small  gain. 

25. 

11.1265 

11.1250 

1.5 

1.23 

7.92 

168. 

1.2 

0.19 

Table  No 

.9  con  tinned 

64 

No. 

Wt.be- 
fo  re 

V/t.af-    L03  8 
ter        in  wt . 

in  mg. 

Surface  in 
sq.in.  sq.cm. 

Time 
soln. 

in        Lots  3 
hrs.  in  mg. 
sq. in. 

in  v/t. 
per  wk 
sq.cm. 

26. 

13.1311 

13 . 1309 

0.2 

1.39 

8.95 

16  8- 

0.14 

0.02 

27. 

9,7222 

9.7223 

-0.1 

1.08 

7.00 

1  68 

Small  gain. 

28. 

9.7886 

9.7806 

0.0 

1.17 

7.56 

"168 

n  n 
u .  u 

U  .  U 

29. 

8,0615 

8.0615 

0.0 

1,03 

6.65 

168 

u » u 

U  .  U 

30. 

Too  many 

holes. 

31. 

11.0646 

11.0636 

1.0 

1.16 

7.46 

168 

0.86 

0.13 

32. 

12.1670 

12.1575 

9.5 

1.38 

8.92 

168- 

6.9 

1.07 

33. 

9.7165 

9.7157 

0.8 

1.29 

8.33 

168 . 

•i.  w  vJ  # 

0.64 

0.10 

34. 

11.5994 

11.5986 

0.8 

1.37 

8.82 

168 . 

0.58 

0.09 

35. 

8.8847 

8.8846 

0.1 

1.18 

7.62 

168 . 

0.09 

0.01 

36. 

8.6241 

8.6242 

-0.1 

1.20 

7.73 

J-yJ  U  . 

Small  gain. 

37. 

10.8738 

10.8734 

0.4 

1.31 

8.43 

T6fi 

0.30 

0.05 

38. 

9.0056 

9.0056 

0.0 

1.18 

7.62 

0.0 

0.0 

39. 

Eot  prepared. 

40. 

13.7056 

13.6999 

5.7 

1.45 

9.33 

168 

3.9 

0.62 

41. 

11.4807 

11.4792 

1.5 

1.37 

8.83 

168 

1.1 

0.17 

42. 

10.1725 

10.1712 

1.3 

1.28 

8.23 

16ft 

1.0 

0.16 

43. 

11.5341 

11.5339 

0.2 

1.35 

8.70 

1  Aft 

0.15 

o.oa 

44. 

11,8146 

11.8143 

0.3 

1.37 

8.81 

1  fift 

0.22 

0.03 

45. 

10,5325 

10.5319 

0.6 

1.16 

7.48 

1  Aft 

0.53 

0.08 

46. 

Hot  prepared. 

47. 

^ot  prepared. 

48. 

10,7029 

10.6955 

7.4 

1,29 

8.32 

16  ft 

5.7 

0.89 

49. 

9,1819 

9.1816 

0.3 

1.21 

7.81 

168. 

0.25 

0.04 

50, 

10.4198 

10.4185 

1.3 

1.28 

8.23 

168. 

1.0 

0.16 

51. 

12.4458 

12.4456 

0.2 

1.42 

9.19 

168. 

0.14 

0.02 

I 


i 

1 


I 


I 
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Table  IIo.9  continued 


65. 


No.     V/t.be-    V/t.af-    Loss      Surface  in        Time  in        Loss  in  wt. 

fore        ter        in  wt.  sq.in.  sq.cm.  soln.  hrs.   in  rag.  per  wk. 
 In  mg.  sq.in.  sq.cm. 


65. 

9.7559 

9.7545 

1.4 

1.38 

8.89 

168. 

1.0 

0.16 

56. 

8.5413 

8.5408 

0.5 

1.14 

7.33 

168. 

0.44 

0.07 

66. 

2.0774 

2.0772 

0.2 

0.57 

3.66 

168. 

0.35 

0.06 

I 

I 


I 
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Table  lIo.lO 

CORROSION  III  NORIIAL  AiaiOHIUM  HYDROXIDE 

Uo.    Wt.be-    V/t.af-      Loss      Surface  in        Time  in       Loss  in  wt. 

fore        ter         in  wt.  sq.in.  sq.cm.  soln.  hrs.  in  mg.  per  wk. 


in  mg. 

sq. in. 

sq.cm. 

1. 

5.4623 

5.4524 

9.9 

0.71 

4.58 

56. 

41.8 

6.5 

2. 

8.5720 

8.5560 

16.0 

1.03 

6.67 

56. 

46.4 

7.17 

3. 

5.6267 

5.6162 

10.5 

0.68 

4.41 

56. 

46.3 

7.16 

4. 

4.5123 

4.5147 

7.6 

0.61 

3.95 

56. 

37.3 

5.8 

5. 

4.4777 

4.4737 

4.0 

0.64 

4.12 

56. 

18.8 

2.9 

6. 

4.5810 

4.5810 

0.0 

0.63 

4.04 

56. 

0.0 

0.0 

7. 

16.8730 

16.8560 

17.0 

1.52 

9.83 

56. 

33.6 

5.2 

8. 

11.2940 

11.2930 

1.0 

1.36 

8.77 

56. 

2.2 

0.34 

9. 

9.7878 

9.7813 

6.5 

1.28 

8.27 

56. 

15.2 

2.4 

10. 

10.0623 

10.06 19 

0.4 

1.24 

7.98 

56. 

0.97 

0.15 

11. 

9.3734 

9.3664 

7.0 

1.32 

8.49 

56. 

15.9 

2.47 

12. 

11.7357 

11.7172 

18.5 

1.33 

8.58 

56. 

41.8 

6.5 

13. 

13.1210 

13.1009 

20.1 

1.35 

6.69 

56. 

45.2 

7.0 

14. 

10.0183 

10.0052 

13.1 

1.16 

7.47 

56. 

33.7 

5.2 

15. 

8.4027 

8.3909 

11.8 

1.03 

6.66 

56. 

34.4 

5.3 

16. 

7.3745 

7.3680 

6.5 

1.07 

6.94 

56. 

14.3 

2.2 

17. 

12.8598 

12.8597 

0.1 

1.32 

8.51 

56. 

0.23 

0.04 

18. 

10.5393 

10.5378 

1.5 

1.24 

7.98 

56. 

3.6 

0.56 

19. 

14.2800 

14.2795 

0.5 

1.54 

9.92 

56. 

0.97 

0.15 

20. 

10.6393 

10.6390 

0.3 

1.18 

7.61 

56. 

0.76 

0.12 

21. 

12.5377 

12.5364 

1.3 

1.47 

9.43 

56. 

2.65 

0.41 

22. 

8.9851 

8.9644 

20.7 

1.07 

6.91 

56. 

57.8 

8.99 

23. 

9.0787 

9.0623 

16.4 

1.03 

6.67 

56. 

47.7 

7.4 

24. 

10.5782 

10.5658 

12.4 

1.26 

8.10 

56. 

29.5 

4.57 

25. 

11.1250 

11 . 1100 

15.0 

1.23 

7.92 

56. 

36.6 

5.68 

Plate  No 

.10  continued 

A  7 

llo. 

Wt.be- 

f  0  re 

\n.af-  Loss 
tor        in  wt . 

in  m.t^. 

Surface  in 
sq.in.  sq.cm. 

Time 
soln. 

in 
hrs 

Loos 
.   in  mg. 
sq. in. 

in  wt. 
per  wk. 
sq.cm. 

26. 

13.1309 

13.1199 

11.0 

1.39 

8.95 

56 . 

23.7 

3.67 

27. 

9.7225 

9.7147 

7.6 

1.08 

7.00 

56  . 

21.2 

3.3 

28. 

9.7886 

9.7885 

0.1 

1.17 

7.56 

56. 

0.26 

0.04 

29. 

8.0615 

8.0615 

0.0 

1.03 

6.65 

56. 

0.00 

0.00 

30. 

Too  many 

holes . 

31. 

11.0482 

11.0221 

26.1 

1.16 

7.46 

56 . 

67.5 

10.5 

32. 

12.1452 

12.1205 

22.5 

1.38 

8.92 

56. 

49.2 

7.6 

33. 

9.7157 

9.7035 

12.  2 

1.29 

8.33 

r—  /• 

56. 

28.3 

4.4 

34. 

11.5986 

11.5805 

18.1 

1.37 

8.82 

56. 

39.  6 

6.1 

35. 

8.8846 

8.8796 

14.0 

1.18 

7.62 

56* 

35.6 

5.5 

36. 

9.6242 

9.6124 

11.8 

1.20 

7.  73 

56 . 

29.5 

4.6 

37. 

10.8734 

10.8739 

-0.5 

1.31 

8.43 

56. 

Small  gain. 

38. 

9.0056 

9.0057 

-0.1 

1.18 

7.62 

56. 

Small  gain. 

39. 

Not  prepared. 

40. 

13.6999 

13.6753 

24.6 

1.45 

9.33 

56. 

50.8 

7.9 

41. 

11.4792 

11.4603 

18.9 

1.37 

8.83 

56  . 

41.4 

6.4 

42. 

10.1712 

10.1552 

16.0 

1.28 

8.  23 

56. 

37.5 

5.8 

43. 

11.5339 

11.5197 

14.2 

1.35 

8.  70 

56 . 

31.5 

4.9 

44. 

11.8143 

11.8139 

0.4 

1.37 

8.81 

56. 

0.9 

0.14 

45. 

10.5319 

10.5319 

0.0 

1.16 

7.48 

56. 

0.0 

0.0 

46. 

Uot  prepared. 

47. 

Hot  prepared. 

48. 

10.6955 

10.6762 

19.4 

1.  29 

8.32 

56 . 

44.8 

7.0 

49. 

9.1816 

9.1714 

10.2 

1.21 

7.81 

Ob  . 

25.3 

3.93 

50. 

10.4185 

10.4181 

0.4 

1.28 

8.23 

56. 

0.9 

0.15 

51. 

12.4456 

12.4456 

0.0 

1.42 

9.19 

56. 

0.0 

0.0 

I 


68. 

Table  Wo. 10  continued 


IIo. 

V/t .  be  - 

V/t.af-  Loss 

Surface 

in 

Time 

in 

Loss 

in  wt 

for  0 

ter        in  v/t. 

sq.in.  s 

q .  cm. 

Goln. 

lirs. 

in  mg. 

per  ' 

in  mg. 

cq. in. 

55. 

9.7545 

9.7544  0.1 

1.38 

8.89 

56. 

0.2 

0.03 

56. 

8.4508 

8.4506  0.2 

1.14 

7.33 

56. 

0.5 

0.08 

66. 

2.0772 

2.0769  0.3 

0.57 

3.66 

56. 

1.6 

0.24 

COr^ROSIOII  III 

FATTY 

Table  Ho. 11 
ACIDS 

69. 

No. 

V/t.  be- 
fore 

V/t .  Qf-     Lo  ss 
ter        in  vrt, 
in  cig. 

Surface  in 
sq.in.  sq.cm. 

Time 
soln. 

in 
hrs 

Loss 
.  in  mg. 
sq. in. 

in  wt. 
per  wk. 
sq.cm. 

1. 

(Corrosions 
5.4524  5.4500 

in  100  cc.  of  fatty 
2.4        0.71  4.58 

acids 
64. 

at 

1050C. ) 
8.9 

1.38 

3. 

5.616  2 

5. 6147 

1.5 

0  68 

4  4-T 
^  J. 

64. 

5.8 

0.89 

5. 

4. 4737 

4-4730 

0  7 

^  .  J.  ^ 

64. 

2.9 

0.45 

7. 

16 . 8560 

16  8"^) '^7 

^ .  tj 

64. 

4.0 

0.62 

11. 

9 . 3664 

9  - 5?7? 

up  some  fatty  acids. 

1£. 

11. 7172 

11. 7119 

ft  Rft 

A  A 

10.5 

1.62 

14. 

10.0052 

10.0018 

3.4 

1.16 

7  4-7 

CA 

7.7 

1.20 

17. 

12.8597 

12.8602  • 

-0.5 

1.32 

ft 

. 

Small  gain. 

23. 

9.0623 

9.0598 

2.5 

1.03 

6  fi7 

A/1 

C  A 

u .  y  y 

25. 

11.1100 

11.1069 

3.1 

1.23 

7  9? 

d4  . 

D  .  D 

1 .  UU 

26. 

13.1199 

13.1197 

0.2 

1.39 

ft   Q  'S 

D4t  . 

O  .  O 

u .  oy 

29. 

8.0615 

8.0614 

0.1 

1.03 

0.  25 

0.04 

f Gorros  ions 

in  200  cc.  0 

ac  i  ds 

at 

850c. ) 

19. 

14.2795 

14.2788 

0.7 

1.54 

oft 

1.14 

0.18 

31. 

11.0221 

11.0168 

5.3 

1.16 

7  /lA 

72. 

10.7 

1.66 

33. 

9.7035 

9.6994 

4.1 

1.29 

ft  "^^"^ 

72. 

7.5 

1.27 

35. 

8.8706 

8.8687 

1.9 

1.18 

7  AP 

72. 

3.8 

0.58 

38. 

9.0057 

9.0015 

4.2 

1.18 

7    A  P 

72. 

8.3 

1.29 

40. 

13.6753 

13.6683 

7.0 

1.45 

9.33 

72. 

11.3 

1.75 

42. 

10.1552 

10.1536 

1.6 

1.28 

8.23 

72. 

2.9 

0.45 

44. 

11.8139 

11.8137 

0.  2 

1.37 

8.81 

72. 

0.34 

0.05 

48. 

10.6762 

10.6743 

1.8 

1.29 

8.32 

72. 

3.  25 

0.50 

27. 

9.7147 

9.7143 

0.4 

1.08 

7.00 

72. 

0.87 

0.14 

50. 

10.4181 

10.4168 

1.3 

1.28 

8.23 

72. 

2.4 

0.37 

66. 

2.0769 

2.0766 

0.3 

0.57 

3.66 

72. 

1.23 

0.19 

of  "f^h.uHOVS 


4 


Table  No. IE 

70. 

C0MPAEI30IJ  OF  TIE 

CORK  OS 

IONS  IN  THE 

DIFFEEliU^T  SOLUTIONS 

( The  value  a 
per  square 

f\irf>   "1  nfl 

inch ) 

s  in  weight,  in  milligrams 

"HAT  Wf* 

XJO  • 

It  •  u  ao  J. 

II.  lie  1 

TT    TJ    C!  r\ 

a  •  imUxi 

N.ITH^OH 

Fatty 

!• 

5.08 

31.0 

30.8 

15.0 

41  ft 

ft  9 

2. 

4.18 

20  0 

19.5 

41.4 

5.9 

4fi  4 

3. 

1.6 

18.4 

27.7 

None 

4fi 

E  ft 

4. 

1.65 

29  4 

19.0 

25.1 

None 

■^7 

5. 

2.35 

?fi  7 

17.0 

21.4 

0.16 

1  ft  ft 

?  9 

6. 

2.37 

21  2 

15.1 

11.4 

0.16 

0  0 

7. 

0.78 

7  1 

19.3 

22.4 

1.1 

8. 

1.71 

23.0 

17.4 

11.4 

0.13 

4  0 

9. 

1.71 

11.7 

14.8 

2.6 

1  ^  2 

X<J  »  fc/ 

10. 

1.13 

16.4 

11.6 

0.32 

0  97 

11. 

None 

207  0 

19.4 

2270. 

18.7 

IE  9 

X.«J  #  •/ 

IE. 

4.33 

4?  8 

17.2 

12.6 

10.4 

41  ft 

10  ^ 

X<v  .  tj 

13. 

2.55 

28  6 

14.9 

10.4 

6.6 

4"!  2 

14. 

1.89 

6  3 

11.9 

10.8 

0.26 

'o3.  7 

7.  7 

15. 

1.53 

4  ft 

14.0 

9.9 

0.1 

''54  4 

16. 

0.66 

5.1 

8.5 

0.0 

14 

x*±  .  o 

17. 

0.53 

4 

6.7 

10.8 

0.0 

18. 

0.71 

8  ? 

5.3 

15.1 

2.6 

19. 

0.63 

7 

12.3 

17.2 

2.7 

0  97 

1  14 

20. 

0.60 

10.  7 

4.9 

17.8 

None 

0  7fi 

21. 

Hone 

19.4 

6.0 

980. 

2.7 

2.65 

22. 

4.00 

38.3 

14.2 

13.1 

9.6 

57.8 

23. 

3.65 

29.5 

14.5 

16.3 

5.0 

47.7 

6.4 

24. 

0.76 

33.3 

9.0 

13.4 

None 

29.5 

llo. 

N.NaCl 

H.HCl 

Table 
H.HpSOa 

No. 12  continued 
N.HlIOo^  N.lIaOH 

N.NH4OH 

71. 

Fatty  acids 

25. 

2.13 

8.2 

4.1 

10.5 

1.2 

36.6 

6.6 

26. 

0.94 

6.2 

3.7 

7.6 

0.14 

23.7 

3.8 

27. 

0.85 

18.8 

9.4 

6.2 

Hone 

21.2 

0.87 

28. 

0.37 

4.4 

4.1 

17.7 

0.0 

0.26 

29. 

0.51 

6.1 

7.4 

18.1 

0.0 

0.00 

0.25 

30. 

Too  many 

"blow-holes . 

31. 

4.60 

30.3 

16.4 

60.3 

0.86 

67.5 

10.7 

32. 

3.30 

10.8 

15.6 

10.8 

6.9 

49.2 

33. 

2.62 

5.0 

6.1 

7.5 

0.64 

28.3 

7.5 

34. 

1.37 

6.6 

5.3 

4.8 

0.58 

39.6 

35. 

1.05 

12.3 

9.6 

4.8 

0.09 

35.6 

3.8 

36. 

0.37 

11.6 

5.1 

4.9 

Hone 

29.5 

37. 

5.9 

1.8 

4.9 

0.30 

Hone 

38. 

0.37 

8.1 

4.1 

492.0 

0.0 

Hone 

8.3 

39. 

Hot  prepared. 

40. 

2.95 

15.2 

14.9 

9.2 

3.9 

50.8 

11.3 

41. 

1.84 

7.5 

12.4 

8.3 

1.1 

41.4 

42. 

1.67 

11.5 

11.0 

7.3 

1.0 

37.  5 

2.9 

43. 

1.25 

18.6 

ft  n 

4.4 

0.15 

31.5 

44. 

0.45 

10.0 

1.3 

1.02 

0.22 

0.9 

0.34 

45. 

0.40 

21.2 

2.2 

0.60 

0.53 

0.0 

46. 

Hot  prepared. 

47. 

Hot  prepared. 

48. 

2.45 

16.2 

13.2 

9.7 

5.7 

44.8 

3.25 

49. 

0.87 

9.5 

5.6 

6.4 

0.25 

25.3 

50. 

0.37 

19.5 

6.4 

7.4 

1.0 

0.9 

2.4 

51. 

0.27 

31.2 

0.35 

0.0 

0.14 

0.0 

Tablo  Wo. 12  continued 
No,      N.NaCl    IKHCl      n.H2304    U.IIUO5    N.IJaOH    II.NH4OH    Fatty  acids 


55. 

0,33 

11.9 

3.7 

7.7 

1.0 

0.2 

56. 

0.27 

32.2 

1.3 

0.35 

0.44 

0.5 

66. 

2.00 

16976.4 

1.0 

0.35 

0.35 

1.6 

1.23 

73. 


VIII.     MICE03C0PIC  EXAJJIITATION. 

1.  General  Discussion.      The  metallurgical  microscope 
used  in  the  examination  of  these  alloys  was  a  Leitz  "Micrometallo- 
graph".     ^OT  the  most  part  apochromatic  objectives  were  used  with 
projection  eyepieces.    I.:any  difficulties  were  met  with  in  the  pre- 
paration of  the  different  alloys  for  microscopic  study,    llo  two 
alloys  had  exactly  the  same  composition  and  it  is  almost  equally 
true  that  no  two  of  the  alloys  would  give  the  best  results  by  the 
same  method  of  attack  for  polishing,  etching,  staining,  and  photo- 
graphing.     Thus  each  specimen  became  a  research  problem  in  itself. 

2.  Etching  Reagents.    A  study  of  the  different  etching 
reagents,  stains,  etc.  described  in  the  literature,  was  made  in  an 
endeavor  to  find  means  of  identifying  the  different  constituents 

in  the  alloys.  Some  of  the  etching  reagents  which  have  been  tested 
will  be  given  below. 

gerric  Chloride  in  Eydro chloric  Acid:-    This  solution  con- 
sisted of  1  per  cent  i'eClg  dissolved  in  1:1  HCl.     It  has  been  found 
very  useful.     In  some  cases  it  has  been  necessary  to  dilute  with 
one  or  more  volumes  of  water  because  the  etching  was  too  rapid. 
An  attempt  was  made  to  secure  colorations  by  using  a  mixture  of 
E5  cc.  of  this  solution  with  25  cc.  of  glycerine,  2  grams  of  re- 
sorcine  and  50  cc,  of  water,  but  it  did  not  seem  to  give  better 
results. 

Alkaline  Potassium  Tartrate:-    This  solution  was  prepared  by 
dissolving  10  grams  each  of  potassium  carbonate  and  potassium  tar- 
trate in  80  cc.  of  water.     It  was  tried  on  a  sample  containing 
90  per  cent  Cu  and  10  per  cent  ni.     It  gave  some  color  reaction. 
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"but  the  time  required  was  nbout  tliree  hours. 

Plorio  and  Nitrio  £olds;-     This  reagents  was  prepared  by- 
mixing-  100  oc.  of  a  saturated  solution  of  pioric  acid  in  ethyl 
alcohol  with  100  oc.  of  a  5  per  cent  solution  of  nitric  acid  in 
arayl  alcohol.     The  etching  was  fairly  good  but  the  time  required 
was  about  three  hours^     It  was  tried  on  specimen  Wo, 2 

Hydrochloric  Acid  and  IJitrophenol:-     This  reagent  contained 
50  cc.  of  a  saturated  solution  of  nitrophenol  in  ethyl  alcohol  and 
100  cc,  of  a  20  per  cent  solution  of  concentrated  hydrochloric  acid 
in  amyl  alcohol.     It  was  tried  on  specimen  Uo.3  and  gave  a  distinct 
etching  in  about  2  hours.  . 

Pioric  Acid:-    A  saturated  solution  of  picric  acid  in  alcohol, 
such  as  is  used  for  etching-  iron,  was  tried  but  after  three  hours 
the  etching  was  poor. 

Sodium  Picrate;-  This  solution  was  composed  of  50  cc.  of  1:1 
sodium  hydroxide  and  50  cc.  of  a  saturated  solution  of  picric  acid 
in  alcohol.  The  specimen  remained  in  the  reagent  about  four  hours 
before  a  no tic able  etching  was  produced. 

Tartaric  Acid:-  1  10  per  cent  solution  of  tartaric  acid  in 
water  was  found  to  have  practically  no  effect  on  the  alloys. 

Iodine:-  Iodine  has  been  used  as  the  tincture  and  in  a  solution 
of  potassium  iodide.     These  solutions  can  be  used  to  etch  the  speci- 
men in  some  cases,  but  they  have  more  value  in  staining  the  specimen 
after  it  has  been  etched  with  some  other  reagent.     Iodine  stains 
copper  or  the  copper-rich  constituent  so  that  it  has  a  dark  appear- 
ance.    It  has  little  effect  on  either  chromium  or  nickel.     This  has 
been  the  best  method  for  identifying  the  different  constituents  in 
these  alloys. 
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Additional  information  regarding-  the  etching  and  staining 
used  may  be  hod  by  a  study  of  the  miorophotog:raphs  v/hich  v/ill  be 
included  in  Plates  Nos.  1  to  16. 

3.  Hesults.     Some  of  the  results  obtained  from  the  mioro- 
soopic  examination  have  been  referred  to  in  the  previous  discus- 
sions.    In  general  the  data  given  with  the  microphotographs  will  be 
sufficient  to  explain  them.     The  labels  require  some  comment.  If 
the  composition  of  the  alloy  is  given  on  the  photograph  it  repre- 
sents what  was  put  into  the  charge  and  is  in  atomic  per  cents.  If 
it  is  given  below  the  photograph  it  shows  the  composition  in  weight 
per  cents  as  found  by  analysis  unless  otherwise  stated.     Such  marks 
as  23  H  B  show  the  number  of  the  alloy  (23),  that  it  belongs  to  a 
series  prepared  by  the  writer  and  that  the  specimen  was  cut  from 
the  bottom  of  the  casting.     If  T  is  found  instead  of  B  that  means 
that  the  specimen  :7as  cut  from  the  top  of  the  casting. 

Chromium-ITiokel  .Alloys:-  The  microscopic  examination  of  the 
alloys  of  chromium  and  copper  seems  to  confirm  Voss'  conclusions: 
First,  that  chromium  and  copper  form  a  series  of  solid  solu- 
tions (mixed  crystals)  in  the  alloys  containing  from  100  to  70  per 
cent  of  nickel.  See  microphotographs  Nos.ll,  21,  30,  and  38.  In 
lTo.38  the  crystals  are  less  distinct. 

Second,  that  chromium  and  nickel  form  a  eutectic  which  contains 
about  42  per  cent  of  nickel.    Guertler  does  not  think  that  the 
metals  form  a  true  eutectic  but  he  calls  it  a  pseudoeutectic .  I.Ii- 
crophotograph  No. 51  is  of  an  alloy  having  approximately  that  of  the 
above  composition  and  it  appears  to  have  a  eutec tic-like  structure. 
Specimen  No. 56  which  should  contain  more  chromium  shows  what  appears 
to  be  the  eutectic  structure  and  an  excess  of  chromium.  .Although 
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alloys  oontaining  higher  percentages  of  chromitim  have  been  prepared 
they  have  not  been  analysed  and  microphotogrtrphs  of  them  have  not 
been  made.     Tlie  reason  for  this  has  been  the  difficulty  of  cutting 
proper  samples  from  the  extremely  hard  alloys. 

Copper- ITickel  illoys;-     The  microphotographa  of  the  alloys  of 
copper  and  nickel  agree  very  well  with  those  obtained  by  Guertler 
and  Taramanii,  especially  for  those  obtained  under  similar  conditions, 
viz.,  slow  cooling.     The  alloys  containing  more  than  80  per  cent 
of  nickel  show  large  polyhedral  crystals.    Microphotographs  of  the 
pure  metals  and  their  alloys  are  shown  in  Plates  IJos.l,  2,  and  3. 

Solubility  of  Chromium  in  Copper:-     The  tendency  for  chromium 
or  a  chromium-rich  constituent  to  separate  out  in  alloys  of 
chromium  and  copper  has  been  discussed  somewhat.     That  effect  may 
be  seen  in  microphotographs  lfos.12,  2£,  31,  and  in  those  at  the  end 
of  Chapter  III.     The  chromium  or  chromium-rich  constituent  shovrs 
either  in  relief  or  as  the  light  part  of  the  photograph  if  the 
specimen  was  stained  with  iodine. 

Effect  of  IJickel  on  the  Solubility  of  Chromium:-     The  effect 
of  the  addition  of  nickel  to  alloys  of  chromium,  copper  and  nickel 
may  be  studied  in  the  microphotographs  Kos.22  to  30  inclusive,  in 
which  series  there  is  an  increase  in  nickel  and  a  decrease  in  copper 
The  separation  of  the  chromium  or  of  the  chromium-rich  constituent 
is  apparent  in  the  alloys  from  lTo,22  to  Ko.26.     Those  containing 
larger  percentages  of  nickel  are  more  homogeneous  and  in  IJo.29  well 
defined  polyhedral  crystals  characteristic  of  a  solid  solution  are 
shown.     Similar  effects  will  be  seen  if  other  series,  such  as  Nos. 
12  to  21  or  31  to  38,  are  studied.     The  alloys  become  practically 
homogeneous  when  the  amount  of  nickel  is  more  than  three  times  the 
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amoTint  of  copper  present. 

Crystals  in  Nickel-rich  Alloys;-     It  must  Idg  remembered  tlmt 
the  alloys  studied  v;ere  intended  to  have  variations  of  10  per  cent 
in  their  different  constituents,  and  it  is  not  possible  to  say  at 
exactly  what  niclrel  content  the  binary  alloys  begin  to  show  v/ell 
defined  polyhedral  crystals.    ITrora  the  specimens  examined,  it  is 
evident  that  in  the  case  of  the  binary  alloys  those  vrhich  contain 
as  much  as  80  per  cent  of  nickel  show  such  crystals.     On  the  other 
hand,  the  ternary  alloys  show  them  if  they  contain  as  much  as  7  0 
per  cent  of  nickel.     Of  course  the  structures  which  have  been  ob- 
tained in  these  alloys  represent  what  may  be  expected  if  the  cast- 
ings are  slowly  cooled,  but  they  do  not  necessarily  show  what 
structure  would  be  produced  by  q.uenching. 
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LK.     SUMMARY  AUD  C0IJCLU3I01IS  . 

1.  An  electric  furnace  of  the  granular  carbon  resistor 
type  lias  "been  constructed  which  will  operate  on  a  110  volt  circuit, 
either  A.C.  or  D.C.,  without  a  transformer  and  which  when  using  a 
current  of  not  more  than  50  amperes  will  give  temperatures  as  high 
as  1750°G. 

2.  Methods  have  been  developed  for  making  castings  of 
alloys  of  chromium,  copper  and  nickel,  and  21  binary  and  30  ternary 
alloys  have  been  prepared.     Prom  this  part  of  the  work  the  follow- 
ing conclusions  have  been  drawn, 

(a)  Castings  of  chromium  and  copper  containing  as  much  as  13 
per  cent  of  chromium  can  be  prepared  by  melting  the  metals  and 
pouring  at  about  1600°C. 

(b)  Chromium- copper  alloys  containing  5.08  per  cent  or  more 
of  chromium  shov/  a  separation  of  chromium  or  of  a  chromium-rich 
constituent  if  they  are  cooled  slowly, 

fc)  If  equal  weights  of  chromium  and  copper  are  heated  to- 
gether to  a  temperature  well  above  the  melting  point  of  chromium 
and  slowly  cooled  they  do  not  form  an  alloy  but  two  layers;  the 
lower,  rich  in  copper  and  the  upper  rich  in  chromium. 

(d)  The  addition  of  nickel  to  alloys  of  chromium  and  copper 
tends  to  prevent  the  separation  of  the  chromium  or  chromiun-rich 
constituent  and  the  alloys  become  practically  homogeneous  when  the 
amount  of  nickel  is  more  than  three  times  the  amount  of  copper 
present, 

3.  Physical  and  mechanical  tests  have  been  made  with  the 
following  results: 
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fa)  The  specific  gravity,  at  25°C.,  of  the  alloys  tested 
varied  from  8.9£  to  7.89  and  decreased  v/ith  increase  of  chroniuin. 

fb)  The  Brinell  Hardness  Number  varied  from  that  of  pure 
copper  to  that  of  tool  steel  and  increased  with  increase  of 
chromium. 

fc)  The  modulus  of  elasticity  of  the  16  alloys  tested  varied 
from  less  than  15,000,000  to  more  than  40,000,000  pounds  per 
squBre  inch.     Generally  it  increased  v/ith  increase  of  chromium. 

(d)  The  ultimate  tensile  strength  of  the  18  alloys  tested 
varied  from  less  than  10,000  to  more  than  50,000  pounds  per  square 
inch. 

(e)  The  reductions  and  elongations  were  small  in  all  cases, 
ff)  The  stress-deformation  curves  are  similar  to  those  of 

cast  iron. 

4.  An  attempt  has  been  made  to  find  some  relation  between 
the  relative  electromotive  forces  obtained  by  placing  the  alloys 

in  contact  with  four  normal  salt  solution  and  their  relative  re- 
sistance to  corrosion,  but  no  such  relation  has  been  found  from 
the  experimental  data  obtained. 

5.  More  than  three  hundred  corrosion  tests  have  been 
made.    Results  show  that; 

fa)  The  amount  of  corrosion  is  not  proportional  to  the  strengtl 
of  the  acid  or  base. 

fb)  A  triangular  system  of  plotting  shov^  certain  fairly  well 
defined  areas  which  are  higjily  resistant  to  corrosion. 

fc)  Hot  only  the  alloys  in  the  region  approximating  the  com- 
position of  the  alloy  developed  by  Professor  Parr  are  highly  non- 
corrodible,  but  others  have  sho^vn  equally  good  resistance  to 


80. 

corrosion. 

6.  A  microscopic  study  of  the  alloys  has  heon  made  and 
the  following  agreements  with  earlier  investigators  have  been 
f  OTind : 

(a)  The  results  agree  with  Voss'  conclusions  that  chromium 
and  copper  form  a  series  of  solid  solutions  (mixed  crystals)  over 
the  range  of  100  to  70  per  cent  of  nickel  and  that  they  form  a 
eutectic,  or,  as  Suertler  called  it,  a  pseudoeutectic ,  containing 
about  42  per  cent  of  nickel. 

(b)  The  results  on  the  copper-nickel  series  agree  v/ith  those 
of  Guertler  and  Tammann  in  showing  a  continuous  series  of  solid 
solutions. 

(c)  All  nickel-rich  alloys  both  binary  and  ternary  show  well 
defined  polyhedral  crystals. 
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Plate  No.l 


IIo.l  X  60 

Cu  100^ 

Etched  in  ifo  PeClg  in  1:1  HCl. 


No. 2  X  60 

90.84^  Cu,  9.06^  Hi  by  wei^t 
Etched  in  1%  PeClg  in  1:1  HGl. 


Ho. 3  X  60         Ho .4  X  60 

81.07%  Cu,  18.76^  Ui  by  wei^t  71^  Cu.  28.465^  Hi  by  wei^t 

Etched  in  1%  FeCl^  in  1:1  HCl.  Etched  in  ifo  FeOl^  in  1:1  HCl. 


LIbHAKY 

OF  THE 
UNIVERSiTv  OF  ILLINOIS 


UNWERSmonUiHOlS 


I 


II0.5  X  60 

61.63^  Cu,  38.25:;^  IJi 

Etched  in  Vjo  PeCls  in  1:1  HCl. 


No. 7  X  60 

69.13^^  Cu,  30.59v^  Hi 

Etched  in  1^  PeCl„  in  1:1  HCl. 


Plate  110.2 


lTo.6  X  60 

48.96^^  Cu.  49.9:^^  Hi 

Etched  in  \$  PeClc.  in  1:1  HCl. 


Ho. 8  X  60 

41.14%  Cu.  58.27^  Hi 

Etched  in  1^  ?eClr5  in  1:1  HCl. 


LIBBARV 
OF  THF. 
UNIVERSITY  Of  ILLINOIS 


Plato 


No. 9  X  60 

20.6  5^^  Cu,  79.355$  I^i 

Etched  in  ifo  PeClg  in  1:1  HCl. 


Ko.ll  X  60 

99.66^^  in 

Etched  in  1%  PeCls  in  1:1  HCl. 


lIo.lO  X  60 

10.57^  Cu,  88.9^  Hi 

Etched  in  ifo  PeCl^  in  1:1  HCl. 


/7  H^. 


ITo.ll  X  15 

99.66^  Hi 

Etched  in  1^  PeClg  in  1:1  HCl. 


ijiavtsiii^^  OF  >u-  ■ 


LiafiAFlV 
OF  THt 
UNiVtftSlTv  Cr  ILLINOIS 
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Plate  No. 4 


No.l£  X  60 

6.08^  Or,  94.20^^  Cu 

Not  etched.    Relief  Polishing. 


7/  B 


X  60 


No.  12 

6.08^  Gr,  94.20^  Cu 
Etched  in  \io  FeCl^  in  1:1  HCl 


y3  7f/d 


No. 13 


X  60 


7.8s^  Or,  84.4^  Cu,  9.3^  Ni 

Etched  in  Yfo  J^eOl^  in  1:1  HCl. 


No. 14  X  60 

8.3^  Cr,  74.6'^  Cu,  16.1^^  Ni 
Etched  in  Vjo  PeCls  in  1:1  HCl. 


I 


Oi'  THE 
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Plato  Wo. 5 


No. 15  X  60 

lO.efo  Cr.  66.35^  Cu,  22.9^  IJi 
Etched  in  ifo  FeCl^  in  1:1  HGl. 


no.16  X  60 

15.9^  Cr,  54.7^  Cu,  29.4^  Hi 
Etched  in  ifo  FeQlr.  in  1:1  HCl. 


110.17  X  60 

10.1^^  Or,  42.6^  Cu.  4.8%  Hi 
Etched  in  ifo  PeClg  in  1:1  HCl. 


Uo.18 


X  60 


147^  Cr.  32.7^  Cu,  54.2^  IJi 

Etched  in  ifo  FeCl^  in  1:1  HCl. 


OF  THE 
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Plate 


II0.6 


No. 21  X  60 

19.4^  Cr.  79^  Hi 

Etched  in  1%  FeQl^  in  1:1  HCl. 


1T0.2E  X  60 

13.2^  Cr.  87.9^  Cu 

JJot  etched.  Stained  in  I  in  KI. 


Of  THF 
L'NIVrRSITV  Of  ILLiMOli- 


Plate  Uo.7 


110.22  X  60 

15.2^  Cr,  87.9^  Cu 

Etched  in  ifo  FeClg  in  1:1  HCl. 


No. 23  X  60 

10.6=^  Gr,  80.6^  Cu,  9.4^  lU 
Etched  lightly  in  1%  PeCls 
in  1:1  HCl. 


Ho. 23  X  60 

10.65^  Cr,  80.6^  Cu,  9.4^  Ni 
Hot  etched.    Relief  Polishing. 


Uo.24  X  60 

14. 6>^  Cr,  56.3^  Cu,  29.2^  ITi 
Etched  and  then  stained  in 
I  in  KI. 


IT0.E5  X  60 

13.6^  Cr,  66, 9)^  Cu,  19.2^1  Ui 
Etched  and  then  stained  in 
I  in  ZI. 


110.26  X  60 

19. Z>fo  Gr,  44.1;;^  Cu,  36.3^^  Hi 
Hot  etched  but  stained  in 
I  in  ZI. 


^0.27  X  60  No. 28  x  60 

16%  Cr,  36.7%  Cu,  47.3^  IJi  19.9%  Cr,  22.2^  Cu,  57.4^  Hi 

Stained  in  I  in  alcohol.  Stained  in  I  in  alcohol. 


Plate  II0.9 


1I0.E9  X  60  Ho. 30  X  60 

19.6^  Cr.  10.9^  Cu.  68.6^  Ui  21.5$^  Or.  iH  IJi 

Etched  in  \$  PeCla  in  1:1  HCl.  Etched  in  1%  FeCl„  in  1:1  HCl. 


Uo.31  X  60  Uo.31  X  60 

9.9^  Or.  89.95$  9.95?  Or,  89.9^  Cu 

Uot  etched.    Relief  Polishing.  Not  etched.     Shows  concentration 

of  Or  near  a  blow  hole. 


^0 


Plate  IIo.lO 


3/  H  Q 


Uo.31 

9.9>^  Cr.  89.9^  Cu 
Etched  in  I  in  KI. 


X  60 


110.32  X  60 

17.7^  Cr.  73.6/^  Cu,  8.0^  Hi 
Hot  etched.    Relief  Polishing. 


110.32  X  60  No. 33  x  60 

17.7^  Cr,  73.6fS  Cu,  8^  Hi  22^  Cr,  59.3^  Cu,  19.5^  Hi 

Etched  in  I  in  KI.  Hot  etched.     Relief  Polishing. 


Plate  IJo.ll 


Uo.33  X  60  Uo.34  x  60 

ZSffo  Or,  59.3^0  Cu,  19. 5^  m  25.1^  Gr,  45.7^^  Cu.  29. 5^$  Hi 

Etched  in  I  in  KI.  Etched  in  ifo  PeClg  in  1:1  HCl. 


110^34-  X  60 

25.l>b  Or,  45.7^  Cu,  29.5^  Hi 
Etched,  then  stained  in  I  in  KI. 


110.35  X  60 

29.4^  Gr,  33.8%  Cu,  36.8^  IJi 
Etched,  then  stained  in  I  in  KI. 


Plate  110.12 


3C  ?iB 


Ho ,56  X  60 

28.1^  Cr,  22.6^  Cu,  48.4^  IJi 
Etched,  then  stained  in  I  in  KI. 


110.38  X  60 

28.4^  Cr.  71.65^ 

Etched  in  1^  PeCl^  in  1:1  HCl. 


110.37  X  60 

29.7^  Cr.  10.9^  Cu,  58.1^  Ni 

Etched  in  1^  ?eClc^  in  1:1  HCl. 


110.40  X  60 

19.9^  Cr,  70.6^  Cu,  9^  Ni 

llot  etched.    Relief  Polishing. 


Plate  Mo. 13 


110.42  X  60 

38.£^/S  Cr,  33.6^  Cu,  26.8^^  Hi 
Etched,  then  stained  in  I 
in  alcohol. 


Uo.43  X  60 

41. 3^  Gr.  22.7^  Cu,  34. 6f^  Ni 
Etched,  then  stained  in  I 
in  alcohol. 


3 


Plate  110.14 


110.45  X  60  IJo.48  X  60 

44.9%  Or,  56.6^  M  54.9^/  Or.  28.4^  Cu,  17.1^  M 

Etched  in  aqua  regia.  Polished,  not  etched  or  stained. 


V(0<  ■  ' 


Plate  No. 15 


110.48  X  60  No. 48  x  60 

54.952  Or.  28.4^^  Cu,  17. If^  Hi  54.9^  Or,  28.4^  Cu.  17.1^  Ni 

Stained  in  I  in  alcohol.  Showing  concentration  of  Or. 


Ho. 49  X  60  No. 49  x  60 

47.5^  Or,  24.1%  Cu,  26.3^  Ni  47.5^  Gr,  24.1^^  Cu,  26.3?^  Ni 

Polished,  not  etched.  Stained  in  I  in  KI. 


PlBte  Uo.16 


Ho. 50  z  60  110.51  X  60 

Approx.  46.6^  Or.  11.4^  Cu.  4E^  Hi.     57.4^  Cr,  41.7^  Hi 
Stained  in  I  in  alcohol. 


110.55  X  60 

Approx.  56.6^  Cr,  11.5';2  Cu 
31.95^  Ui.    Etched  in  aqua  regia. 


Uo.56  X  60 

Approx.  57;^  Cr,  43;?^  Ui.  Etched 
in  ifo  PeClg  in  1:1  HCl,  then 
stained  in  I  in  alcohol. 
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